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I. IITTRODUCTIOIT.
4'
I .  IlITEODUCTIOH.
1. preliminary• — At the present time there is available a 
considerable amount of information concerning the general action 
of reinforced concrete beams subject to flexure, but the infor­
mation concerning the resistance of beams to stresses set up in 
the web, due to combined tension and shear, or to diagonal tension 
as it is commonly called, is still rather in< ex?inite and incoiiu- 
plete. In the design of reinforced concrete structures the low 
tensile strength of the concrete makes it necessary that careful
attention be given to those parts of tne structure wnere diagonal 
tension stress is likely to exist in any considerable amount, in 
order to obtain more complete information concerning tne distil— 
bution and amount of stress in the web reinforcement oi beams, a 
series of large beams was designed and tests were begun in the 
spring of 1911 by Hr. W. I. Hargis, Jr., a student in the Graduate 
School of the University of Illinois. These tests were carried 
on in the Laboratory of. Applied Mechanics at the University of 
Illinois under the general direction and supervision of Prol. A. U 
Talbot. In these tests direct measurement of the stress in the 
steel was made with strain gauges designed especially for that 
purpose.
2. Scope of Investigation. — In the series of tests as origin­
ally planned, seventeen beams, all of the same general dimensions
but havin : various arrangements of web reinforcement; and varying 
percentages of longitudinal reinforcement, were made. Only eleven
of the seventeen beams were tested and it was with a view O j. com­
pleting the series of tests and analyzing the results obtained
5■by Mr. Hargis^ more in detail than had been possible by hin that 
this investigation was undertaken.
After a study of the results of the previous tests had been 
made, the six remaining beams were loaded in the same manner as 
the others, and more complete data obtained with the aid of 
instruments of the latest design and with the benefit of more 
extended experience in this method of investigation.
3. Acknowledgment. — The tests were made in the laboratory 
of Applied Mechanics of the University of Illinois under the 
direction of Prof. A. IT. Talbot, who gave many helpful suggestions 
concerning the making of the tests. Hr. W. A. Slater, First 
Assistant in the Engineering Experiment Station, gave much assis— 
tance in planning the tests and many valuable suggestions concern­
ing the use of the instruments, and the methods of preparing the 
beams for testing. To Mr. H. R. Thomas and Hr. G. A. Haney, 
Research Fellows in the Engineering Experiment Station, the writer 
expresses appreciation for the assistance rendered, and for the 
interest which they showed in the testing of the beams.
4. Analysis of the Action of Web Reinforcement. - in the 
flexure of a concrete beam, tensile stresses are set up in its
web in every direction. When there is no web reinforcement pres­
ent in the beam,these stresses are resisted by the concrete itself. 
As concrete is comparatively weak in tension the diagonal tensile 
stresses existing in a beam must be carefully considered and pro­
vided for, or failure will occur in the web, especially if the 
span length is small as compared with the depth of the beam. From
an analysis of the combined shear and tension it is found that
6the value of the maximum diagonal tensile unit—stress at any point 
in a beam is given by the formula,
t = — s -\Jis*2 + v45. (1)
In this formula t is the maximum diagonal tensile unit—stress at 
any given point, _s is the horizontal tensile unit—stress, and v 
is the vertical or horizontal unit shearing stress at any point in 
the beam. The direction of this maximum tension is given by the
9 *yformula, tan 2©- = — . where tr is the angle of the maximum tension 
with the horizontal. V/hen s = 0 this formula reduces to t = v 
and the maximum diagonal tension makes an angle of 45° with the 
horizontal. The value of the diagonal tensile stress in a rein­
forced concrete beam is indeterminate owing to the lack of homo­
geneity in the make-up of the beam. For beams without web rein­
forcement, the present practice is to use the value of the verti­
cal shearing stress as a measure of the diagonal tension. This 
method, however, gives values too low but is useful for purposes 
of comparison of one beam with another. When web reinforcement 
is used the analysis of the stresses developed in the web of the 
beam is more complex and at present very little is known concern­
ing the exact amount and direction of the diagonal stresses.
In general the action of web reinforcement in a beam is as 
follows. Suppose that a beam is reinforced with longitudinal rods 
only, as shown in Fig. 1, and that a diagonal crack A has formed, 
due to the rupture of the concrete in tension. The most efficient 
way of preventing initial rupture at this crack would be to iise an 
inclined rod or stirrup similar to the one marked S]_ in the figure. 
Such a rod securely fastened to the longitudinal rod, or consist­
ing of the bent up portion of one of the longitudinal rods, is in a
position to take stress immediately. A vertical stirrup like the
one numbered S0 in the figure would not be as effective in preven—d (
ting the initial rupture of the concrete for so long as the con­
crete is intact there is very little deformation in a vertical
direction. If, however, the stress in the longitudinal steel is 
high there will be a large tensile stress in the concrete and the 
concrete may be assumed to be ruptured more or less. As the dia­
gonal crack extends there will be a vertical displacement of the
concrete to the right of A and the vertical stirrup S_ will be 
brought into direct action if firmly attached to .the longitudinal
rods. In this case the vertical stirrup S9 will be more effective
in preventing vertical movement of the concrete than the inclined
stirrup S-j_. However, as there is likely to be not only a vertical
displacement but also a horizontal displacement of the concrete to 
the right of A it would seem from purely theoretical considerations 
that inclined stirrups would be more effective in resisting the 
diagonal tensile stresses than would vertical stirrups.
At the present tine the formulas used in calculating the stres 
ses in vertical and inclined stirrups are based upon the concrete 
taking part of the vertical shear, fhe derivation of the stresses 
in stirrups here given is similar to that given in Turneaure and 
Maurer's treatise on the Principles of Eeinforced Concrete Con­
struction. In Pig. 2a and 2b are represented sections of a beam 
reinforced with vertical stirrups and inclined stirrups respec­
tively .
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Fig. 2.
The spacing, s, is assumed to he equal in the two cases, and 
the line of failure is taken as 45°. let Y represent the total 
shear, Y' the shear carried by the concrete and V" the shear taken 
hy the stirrups. The distribution of the shear V" will he consid-
Y"
ered uniform over the section and its intensity equal to b jd Then
since the vertical and horizontal unit shearing stresses are equal,
the shearing stress per unit length of beam will he equal to V"h j. d
x b. or —  and if this shearing stress is considered to he taken 
J d ’
equally hy the stirrups, the total stress p in each stirrup will he
equal t'O —  x 3, or P = (2)
jd  Jd  _
The most unfavorable assumption for the inclined stirrups is
to consider that they carry the full diagonal tension. If we as­
sume that, the intensity of the diagonal tension at 45° is also
V ” ’ * nequal to —— , since the spacing at right angles to the line ox
h jd
rupture is s c o s 4 5 ° , the stress P in each inclined stirrup will he
V" 
h jd 3C h x s cos 45° = 0. ’
V"s“ JcT (3)
In these formulas as ordinarily used, Y" is taken equal to 
2/5 the total shear, Y, at the section, it being assumed that the 
concrete takes the remaining one—third.

9II. MATERIALS, TEST PIECES, APPARATUS, A1ID 
METHOD OF TESTING.
5. Materials. — The materials used in making the test beams 
were similar in character to those used for several years at the 
University of Illinois in making reinforced concrete test speci­
mens. All were of good quality and the properties of the various 
materials will be given briefly.
Stone. - The stone used was crushed limestone from Kankakee, 
Illinois, ordered screened through a 1— in. and over a l/4—in. 
screen. Tablo 1 gives the mechanical analysis of this stone.
TABLE 1. -
MECHANICAL ANALYSIS OF STONE.
Size of Mesh 
inches
Per cent 
passing
5/4 98
1/2 ■ 61 .
3/8 35
1/3 16
1/5 - 3
l/lO ' 2
Sand. — A rather clean, sharp and well graded sand obtained 
from neer Attica, Indiana, was used in the fabrication of the test 
beams. Table 2 gives the results of tests of this- sand.
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TABLE 2.
LIE C HAITI CAL ANALYSIS OE SAUL.
Sieve per cent
Ho. passing
3 100
5 99
10 84
i12 78
16 71
18 59
30 33
40 • 20
50 9
74 4
150 1
Cement. — In making the tes t spec imens tw o
Portland cement were used, namely Universal and
gives the results of mechanical analysis of the
The Lehigh cement was not tested for fineness.
results of briquette tests of fhe two brands of
TABLE 3.
LIE CHAU I CAL ANALYSIS OF CELIEUT .
Sieve Per cent
Ho. passing
74 98.9
100 96.5
200 82.5
standard "brands of 
Lehigh. Table 3 
Universal cement. 
Table 4 gives the 
cement.
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TABLE 4.
TEH S H E STEEHGTH OF CEMEHT.
Ultimate Strength, lb. per s.q. in.
Ref Universal Cement Lehigh Cement
Ho. Age 7 days Age 28 days Age 7 days Age 28 days
Heat 1 - 3 Heat 1 - .3 Heat 1 — 3 Heat 1 — 3
1 589 198 674 278 719 248 805 329
265* 323*.
2 684 227 709 283
3 653 240 731 319
4 662 214 696 282
Av. 647 • 220 702 290
* Briquettes made from same sand as was used in concrete. Hot included in the average.
Concrete. - Men experienced in mixing concrete and making test 
specimens were employed in making the teams. Care was taken to 
secure as uniform a concrete as possible and a fairly wet mixture 
was used. The work of making the specimens was done under the 
supervision of Hr. D. A. Abrams, Associate in the Engineering Ex­
periment Station. A 1—2—4 concrete, proportioned by loose volume, 
was used in all of the test beams.
Steel. — After testing the beams they were broken up and 
specimens were exit from the longitudinal rods and from the stir­
rups. These specimens were tested to determine the yield point 
and the ultimate strength. For the 3,/4-in. and 5/8-in. rods the 
per cent elongation in 0 inches was also determined. Table 5 
gives the results of the tension tests of the steel. These results 
show that the yield point of the l/4—in. stirrup steel was in most 
cases lower than the yield point of the larger longitudinal rods.
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TABLE 5.
TENSION TESTS OF STEEL'
Honinal Yield 
Beam Sise Point 
Ho. inches lh. per 
_______________sq.in.
Ultimate 
Strength 
lh. per 
sq.in.
Per cent Slongat i on 
in.
S in.
Remarks
371.1 3/4 41800 61000 29.5
371.1 It 41900 61300 26.0
371.1 IT 42100 61000 28.0
Av. 4X90(5 61100 27.8
371.1 1/4 35400 51500
371.1 If 34500
371.1 tl 36000 52100
371.1 IT 35600
Av. 35400 51800
375.3 3/4 67700 108400 12.0
375.3 IT 68000 107900 7.0
375.3 IT 68100 106400 7.0
Av. 67500 1O760O “ 570
375.3 5/8 65500 103400 16.5
375.3 It 56000 83200 13.5s
375.3 11 63800 99500 8.5
375.3 IT 63400 102400 18.0
Av. M O O O iOl'8'0'0 1473
375.3 1/2 50500 90600 15.5
375.3 IT 52000 90600 15.0
Av. BTOOO 90600 15.3
375.3 1/4 42500 58100
375.3 IT 45100 60600
375.3 IT 46200 62800
375.3 Tl 44400 61400
375.3 IT 45000 60900
Av. 44000 ooooo
37.7.1 3/4 39700 62500 28.0
377.1 IT 41200 62700 30.0
377.1 IT 39300 62900 28.5
Av. .4-75100 o o t o o 0870
377.1 1/4 36000
377.1 IT 38200 53200377.1 IT 39200
377.1 I 41400 52000
Av. 38700 52600
377.2 3/4 41600 62000 30,0377.2 IT 41600 61800 31.0377.2 TT 43900 64500 28.0
Av. 42400 62800 29.7*
do. 
do.
Tested in 100,000 lh. Riehle
Tested in 50,000 lh. Riehle
in average
13
TABLE 5. (Cont'd).
TEH SI Oil TESTS OE STEEL *
nominal Yield Ultimate Per cent 
Beam Sise Point Strength Elongation Remarks
Ho. inches lb. per lb. per in 
_______ _ _____ sq.in. sq.in. 8 in.__________________
377.2 1/4 42900
377.2 I T 41250 56800
377.2 T T 43200 56300
377.2 I T 46100
377.2 1! 43300 55600
Av. w m F 6 2 W
378.1 3/4 40300 61600 19.0 Rupture occurred near gauge
378.1 T T 40800 60600 29.0 points.
378.1 T T 40900 60900 29.5
Av. 407OO 61000 ■2F7U
378.1 1/4 41800 54800
378.1 T T 40000 54700
378.1 T T 39000 52600
378.1 T T 39600
378.1 T T 36600 50700 Ruptured at gauge point in
Av. grips.
378.2 3/4 42600 64100 25.0
378.2 T T 42400 64500 25.5
378.2 T T 42200 64400 24.5
Av. 42'4'0'0 ■£F7a
378.2 1/4 37600 47800 Ruptured at gauge point in
378.2 T T 36500 grips.
378.2 T T 37700 52000
378.2 T T 35400 •
378.2 T T 35500
378.2 T T 36000 48600 Ruptured at gauge point.
Av. 36450 49E5U
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The results also show that the reinforcement in all the beams ex­
cept one was mild steel. In beam Ho. 375.3 the reinforcement was 
of high carbon steel.
6. Test Beams. - In order to develop high web stresses the 
beams were purposely made rather deep. The dimensions of the beams 
over all were as follows; width, 8 in., depth, 17 l/2 in., length, 
18 ft. The effective depth was approximately 15 in. Complete 
information concerning the details of the beams is given in Taole 9 
page 131 and in the drawings pages 132 to 137 . Where the external 
bending moment changed from positive to negative the longitudinal 
rods were bent up so as to pass through the point of contra-flex­
ure .
Beam Ho. 371.1 had one longitudinal rod bent downward near 
the end of the beam and hooked at its end to prevent it from 
slipping, and one rod was continued straight to the end of the 
beam. Beam Ho 375.3 was reinforced with a unit frame made by the 
American System for Reinforcing, of Chicago. In this unit frame 
the stirrups were attached to the longitudinal rods by bending 
them around the rods two or three times. Over the supports in 
this beam there were 2 3/4— in. and 2 5/8—in. rods. The 5/8—in. 
rods were bent down near the ends of the beam and hooked into the 
concrete while the 2 3/4-in. rods situated nearer the sides of the 
beam were continued straight to the ends. The 3/4—in. rods were 
bent down near the point of contra.—flexure, the 5/8— in. rods were 
continued straight near the top surface of the beam and carried 
about 6 in. past the inner load point, where they ended. Two l/2— 
in. rods were run the entire length of the beam near the bottom 
to assist in holding in position the stirrups which were outside
15
the point of contra—flexure. High carbon reinforcement was used 
in this beam. In beams IIo. 377.1, 377.2, 378.1 and 378.2 the 
longitudinal rods over the supports were continued straight to the 
ends of the beams where they passed through holes in 8 x 3 x 7/8— 
in. steel plates. The ends of the rods were threaded and provided 
with nuts and washers. Before testing, the nuts were tightened 
with wrenches to insure a firm bearing against the steel plates.
The stirrups in beam Ho. 371.1 were connected to the longi­
tudinal rods by hooking them over the rods. It would seem that 
this method of anchoring the stirrups would not be very effective 
in preventing slip if much stress were brought upon the stirrups.
In beams Ho. 377.1, 377.2, 378.1 and 378.2 the stirrups were in 
most cases passed around the longitudinal rods and the ends hooked 
into the concrete. The sketches of the beams show the manner of 
placing the stirrups in the beams at different points.
7 . Making of Beams. — The forms for the beams were placed on 
a strip of building paper on the concrete floor of the mixing lab­
oratory. After pouring the concrete it was tamped with small 
tamps, a 5/8— in. rod or a l/2 x 2—in. wooden strij) serving for this 
purpose. In the case of all the beams, except Ho. 375.3, it was 
not possible to tamp the concrete thoroughly on account of the 
difficulty in keeping the loose stirrups in place. The steel was 
supported until the concrete had set.
0. Storage. - The beams were stored in the room where they 
were made between the time of making and the time of testing.
After the removal of the forms the beams were sprinkled occasionally 
to prevent too rapid drying. At the time of the tests the concrete
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FIG. 4. VIEW SHOWING BEAL! IN TESTING EACHINE HEADY FOR TEST.
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was well seasoned as the specimens remained in the storage room 
approximately two years before they were tested.
9. Methods of Testing. — In testing the beams the 600,000—lb. 
Eiehle testing machine in the Laboratory of Applied Mechanics was 
used. The method of loading employed and the shear and moment 
diagrams corresponding to this method of loading are shown in Fig. 
5. The beams were supported on 5—in. steel rollers which rested 
upon 2 12—in. 31 l/2-lb. I—beams. The 12—in. I—beams rested upon 
thin steel plates placed at the ends of the weighing table of the 
testing machine. In order to distribute the pressure upon the 
test piece at its reactions, 6 x 1— in. steel plates bedded in 
plaster of paris were placed under all of the beams. Similar 
plates bedded in plaster of paris were also placed at the four 
load points. The load was transferred from the movable cross head 
of the testing machine through a spherical bearing block to a 
girder beam. From the girder beam the load was transferred to 
four 10— in. 30—lb. I—beams by means of two 4—in. steel rollers, and 
from these I—beams to the test beam through 2—in. steel rollers 
resting upon the steel plates mentioned above. Fig. 4 gives a view 
of beam Ho. 378.2 in the testing machine ready for the test and 
this view shows plainly the manner in which the load was distri­
buted to the beams. Before any load was applied to the beams the 
centering of the loading apparatus was carefully checked in order . 
to prevent eccentricity in the loading due to this cause and to 
make certain that the same amount of load was received by each end 
of the beam. Some of the beams were warped, however, and as a 
result of this there may have been eccentricity of loading. In 
testing, loads were generally applied in increments of 15000 or
19
FIG. 5. VIEW OF EXTENSOI.1ETERS USED III MEASURING 
DEFOEI.1AT I OH S IN STEEL.
20
ji
FIG. 6. VIEW OF EXTE1IS0METER USED III TEST OF BEAU 110. 375.3 
FOR UEASUEI1IG DEF0RUATI011S III STIRRUPS.
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20000—lib. up to failure, the load being held during the tirae of 
taking the readings and observing the cracks. The speed used in 
testing was 0.05 inch per minute. The weight of the beam itself was 
neglected in making calculations but the weight of the loading 
apparatus, about 3100 pounds, was taken into account. Zero read­
ings were taken at this initial load of 3100 lb.
A type of Berry extensometer develoioed by members of the 
Experiment Station staff at the University of Illinois, and called 
the Illinois form of Berry extcnsometer was used to measure the 
deformations in the steel. The gauge length used on all the beams 
except Ho. 375.3 was 6 inches. For beam Ho. 375.3 a 4— in. gauge 
length was used on the stirrups and a 6—in. gauge length on the 
longitudinal steel. Fig. 5 gives a view of the extensometers used 
in the tests. The extensometer shown in the upper part of this 
figure is of recent design and was used to measure the deformations 
on the 4— in. gauge lines of beam Ho. 375.3. Another view of this 
instrument showing some of the details of its construction is given 
in Fig. 6. The extensometer shown in the lower part of Fig. 5 
was used to obtain the deformations on the 6-in. gauge lines of 
the various beams. With these instruments, using 30,000,000 lb. 
per sq. in. as the modulus of elasticity of steel, a movement of the 
dial hand over one division of the dial face corresponds to a stress 
of 1000 lb. per sq. in. in the steel. In all cases the dials were 
read to l/lO of a division by estimation.
Sinco the time of making the first tests on these large beams 
in the spring of 1911 this type of instrument has been much modi­
fied and improved. The methods of making the observations and re­
ducing the data obtained with these instruments have also been so
. 22
improved that the probable error in the results has been reduced
considerably. A more complete description of the development, 
construction and use of this type of extensometer is given in bul­
letin 64 of the Engineering Experiment Station, Universitsr of 
Illinois. The methods described in this bulletin were used to ob­
tain and reduce the data of the tests of the large concrete beams.
In preparing a beam for testing it was first whitewashed in 
order that the formation and extension of cracks might be more 
easily observed. After whitewashing the beam, holes were dug into 
the concrete to expose the steel. By means of an electric drill, 
gauge holes 0.055 in. in diameter were then drilled in the steel. 
In order to remove the burr left by the drilling process, a finish­
ing tool (See bulletin 64 page 33) was inserted in the gauge hole 
and revolved a few times. The gauge lines were then marked in 
some convenient way so as to be easily located, and the beam was 
ready for the test.
In all the beams tested, except ho. 375.3, an effort was made 
to obtain readings on all the stirrups at one end of the beam, 
and also to obtain readings on both legs of the stirrups. This 
was done to determine which stirrups received the greatest stress, 
and whether or not the two legs of the stirrup received equal 
stress. In order to determine whether the upper- portion of a 
stirrup received more stress than the lower, in a number of cases ' 
two gauge lines were located on the same stirrup leg. To check 
the readings obtained at one end of the beam several gauge lines 
were located at corresponding points on the opposite end of the 
beam.
In Ho. 375.3 the reinforcement was situated so far from the 
sides of the beam that the beam would have been seriously weakened 
if very much of tho longitudinal and web steel had been exposed.
23
FIG. V. VIEW SHOWING METHOD OF OBTAINING HEADINGS
WITH EXTENSOMETER
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FIG. 8. OBSERVERS TAKING READINGS SIMULTANEOUSLY
Oil THE STIRRUPS OF A BEAM
25
Consequently, only a few gauge lines were located on the stirrups 
and longitudinal steel of this "beam. In "beams Ho. 371.1, 377.1, 
377.2 and 370.1 a number of gauge lines were located along the 
longitudinal rods on both sides at one end in order to obtain 
information concerning the variation of stress along the rods.
In obtaining a series of observations the two observers took read­
ings simultaneously, starting at one end of the beam on the gauge 
linos on the longitudinal steel, and reading toward the center. 
After all the readings on the longitudinal steel had been obtained 
the readings on the stirrups were taken. It was thought that by 
taking the re-dings in this manner better and more consistent 
results would be obtained since the readings on corresponding 
gauge lines would be taken at approximately the same time. Pig. 7 
shows the method of obtaining readings on a stirrup with an 
Illinois extensometer, and Pig. 8 shows the observers taking read­
ings simultaneously on the stirrups of a beam. In order to correct 
for variation in the length of the extensometers due to temperature 
changes, readings were taken on a standard bar of invar steel, at
intervals of about ten observations.
In order to determine the amount and initial slip of the 
unanchored longitudinal rods in bean No. 375.3 Ames dials were 
attached to U-shaped steel yokes which were clamped tightly to the 
ends of the beam. The ends of the plungers of the dials pressed 
firmly against the exposed ends of the rods. These dials were 
watched carefully as the load was applied, for evidences of the
first slip of the bars. The dials read directly to .001 in. and 
by estimation to .0001.
Dining the cescing ox beam No. 378.1, one of the first beams
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tested, the longitudinal rods were seen to slip. Consequently 
in testing beams ITo. 377.1, 377.2 and 378.2 Ames dials were attach­
ed to the sides of the beams at various points near the support to 
detect the initial slip., and also the amount of slip of the rods. 
The drawings of these beams show the location of the dials with 
reference to the support. The dials were fastened to the sides of
the beams with plaster of paris. A hole was drilled 
itudinal rod near the dial and a bent piece of stiff
in the long- 
wire inserted
in this hole. The end of the bent portion of the wire pressed 
firmly against the plunger of the dial so that any movement of the 
rod relative to the concrete was transmitted to the ‘plunger. The
results 
of the
obtained by this rather crude method of measuring the slip 
ods wore on the whole satisfactory and reliable.
III. EXPERIMENTAL DATA A1ID DISCUSSION.
10. Notation. In discussing the results of the tests the
following notation will be used.
b = breadthof beam.
d = effective depth of beam.
A = cross sectional area of longitudinal steel.
P = = ratio of area of longitudinal steel to area of con-
concrete above center of reinforcement.
o = periphery of one reinforcing bar.
m = number of reinforcing bars.
fs - unit stress in steel.
f = unit stress in concrete.O
Ig = modulus of elasticity of steel.
Eq = initial modulus of elasticity of concrete.
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T? cj -n as —  = ratio of the two moduli.
Ec
d ’== distance from center of reinforcement to center of grav­
ity of compressive forces, 
j = ratio of d 1 to d. d' = jd.
u = bond stress per unit of area on the surface of the rein­
forcing bars.
v = vertical shearing stress and horizontal shearing stress 
per unit of area in concrete.
M.= bending moment.
V = total vertical shear at any section.
11. fables . — Following the table of contents is given an 
index to the tables, diagrams, photographs and drawings.
Tables 1 to 8 are self-explanatory. Table 9 gives a sum­
mary of the more important observed and calculated data of the 17
beams tested. The usual methods of calculation were employed in
obtaining the values of the unit shearing stress and the unit bond
stress, and the values given in the table for these stresses were
calculated for the maximum loads unless otherwise hoted. The unit
stress in the longitudinal steel was calculated from the formula
M = A f i d  and the loads used in the calculations are given below s
the values of the stresses. The values of j used in the calcula­
tions are given in Tables 6 and 7.
The data from which the diagrams were plotted are given in the
tables on pages!38 to 155. The capital letters in every case re­
fer to the gauge lines located on the longitudinal steel on the 
south side of the beam, and the small letters to the corresponding 
gauge lines on the north side of the beam. The letter S with a 
numeral subscript refers to a gauge line located on a stirrup.
TABLE 6 28
VALUES OF j USED IN CALCULATIONS.
Beam ... At points of
No. NegativeMoment
Positive
Moment
371.1 0.89 0.855
375.3 0.86 0.87
377.1 0.85 0.89
377.2 0.85 0.89
378.1 0.89 0.85
378.2 0.89 0.85
TABLE 7.
VALUES OP j USED 
BEAMS TESTED 
OP BEGAT
IN CALCULATIONS POE 
BY EAECIS AT POINTS 
IVE MOMENT
Beam No. 0
371.2 0.87
372.1 0.84
372.2 0.84
37.3.1 0.84.
373.2 0.84
374.1 0.85
375.1 0.86
376.1 0.86
376.2 0.86
376.5 0.87
376.6 0.87
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The reduced stresses calculated according to the latest 
practice of the Engineering Experiment Station of the University 
of Illinois are given in these tables, the plus sign indicating ten­
sion and the minus sign compression. It must he remembered that 
these stresses are derived from measured deformations in the steel 
and that for those beams reinforced with mild steel a stress over 
45,000 lb. per so. in. is to be considered unreliable as this 
stress would be beyond the yield point of the material. For beam 
ITo. 375.3, reinforced with high carbon steel, stresses as high
as 55,000 lb. per sq. in. may be considered reliable. The letter 
B with the numeral subscript refers to the Ames dial reading of the 
slip of the longitudinal rods. The movement Of the bar is given 
in inches. In all cases the direction of the slip was toward the 
support.
12. Explanation of Diagrams. — On pages 73 to130 will be 
found diagrams showing the relation between the load on the beams 
and the corresponding unit stress in the steel. The loads are 
plotted as ordinates and the unit stresses as abscissas. Included
in these pages are diagrams showing the variation of stress along
377 ♦ 1the length of the reinforcing bars for beams no. 371.1, 3^7.2 and 
378.1 and diagrams showing the relation of load to slip of bars 
for beams Ho. 375.3, 377.1, 377.2 and 378.2. A number of the 
diagrams were plotted from the results of the tests made in 1911 
by Hr. Hargis. The following order of arrangement of the diagrams
for a particular beam has been followed out. The load-stress dia­
grams for the stirrups are placed first, the load-stress diagrams
~or the longitudinal steel next, and following these the diagrams
showing variation of stress along the reinforcing bars, and the
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diagrams showing the slip of bars are given in the order named.
At the right of the stress diagrams for the stirrups the unit
T Tvertical shearing stress,---, at various loads is given. Simil—bd?
arly in a number of the stress diagrams for the longitudinal steel 
the bending moment at various loads is given at the right of the 
diagrams. In the latter diagrams for the more important gauge 
lines, graphs of the calculated stress in the steel are also shown. 
The gauge lines used are indicated near the diagrams and the ap­
pearance of cracks across the gauge lines is shown by means of wavy 
lines.
13. Explanation of Photographs and Drawings. — Immediately 
after the load increment had been applied to a beam the dial and
i
extonsometer readings were taken. When an observer had finished 
taking the readings on the various gauge lines he traced with a 
pencil the cracks which had appeared, and indicated the limits to 
which the cracks extended at the load in question. After the re­
moval of the beam from the testing machine these cracks were 
carefully painted. Photographs of the beam wore then taken.
These photographs are shown on pages 63 to 72.
After notes had been taken and sketches ma.de, the beams were 
broken up. During the breaking up process the location of the 
stirrups was noted and a search was made for indications of 
crushing under the stirrups, and near the bends and hooks of the 
longitudinal rods. The concrete was .also examined at various 
points for indications of slip of the rods. The drawings of the 
beams given on pages 132 to 137 were made from the notes and other
data concerning the beans taken after the tests and also as the 
beams were being broken up.
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14. Phenomena of Tests. — It will he helpful in the discussion
of the results of the tests if a detailed account is given of the 
phenomena observed both during the testing and as they were being 
broken up after their removal from the testing machine. The beams 
will be taken up in numerical order and any data bearing upon the 
results obtained will be given. A description of the phenomena of 
the tests made in 1911 is given in the thesis of Hr. Hafgis, which 
is in the library of the University of Illinois.
Beam IIo 371.1. — in this beam one of t h e ^  3/4— in. rods over
the support was bent down at an angle of about 45°, 13 inches from
the end of the beam and hooked at the end. The other bar was
continued straight to the end of the beam. This explanation is
given in order that the phenomena observed for this beam may be
better understodd. The first cracks were noted at a load of 24800
lb.,near the supports,and they extended downward a few inches
below the longitudinal rods. At a load of 36800 lb. these cracks
had extended considerably, those located a little distance from
the support extending diagonally toward the support. At this load
the stresses in the longitudinal rods at corresponding gauge lines
were about the same and the average of the readings is shown in
the diagram for this beam on page 76. At a load of 48800 lb. the
/ hadcrack located 15 1/2 in. we3t of the west support opened up con­
siderably and the other cracks had extended. The rods at the point 
where they were bent down appeared to be settling away from the 
concrete at their upper surfaces as faint cracks were visible there 
The diagram on page 76 shows that at this load the unanchored rod 
was not taking much more stress than it did at a load of 36800 lb. 
while the anchored rod was stressed quite highly, particularly at
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gauge line A where the rod was stressed to the yield point. These 
facts indicate that the unanchored rod was slipping and that the 
anchored rod was getting more than its share of the load. When 
the testing machine was again started the beam took load very slow­
ly and failure occurred at a load of 57 100 lb. by tension in the 
steel at the west end. After the instrument readings-had been tak­
en at this load the load had fallen off 6000 lb.
Slipping of I’ods ♦ — After cutting away the concrete at the 
end of the beam it was found that the^anchored bar had slipped '
about 3/16 in. ITo slipping at the end of the anchored rod could 
be detected and no slipping of the stirrups was noted.
..o u tlemen u 0rncns . — Settlement cracks were observed under the 
longitudinal rods at various points, The stirrups as a rule did 
nou nave a iirm bearing against the longitudinal rods but crushing 
of the concrete under the stirrups was not observed. The failure 
of this bean was due primarily to the slipping of the unanchored 
rod at the south side of the beam which when relieved of its stress 
caused the anchored bar to be stressed beyond its yield point.
Beam ho. 575.3. - This beam was reinforced with a unit frame 
made by the American.System for Reinforcing, of Chicago. The ten­
sion cests of specimens cut from the reinforcing steel showed that 
ib had a high yield point. Over the supports there were 2 3/4—in. 
ana 2 5/8-in. round rods. The ,5/4— in. rods were continued straight 
to the ends of the beam and measurements of the slip of these rods 
were made by means of Ames dials. The location of the gauge lines 
on this bean is shown in the drawing on page 133.
—no xirst cracks noted were small tension cracks directly
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over the supports which appeared at a load of 20000 Tb. At this 
load dial Ho. 2 on the south rod at the west end indicated a slip 
of .0002 in. At a load of 40000 lh. diagonal cracks were noted 
about 18 in. outside the supports, and also about 12 in. inside the 
supports at both ends.of the beam. At this load dial Ho. 2 showed 
a movement of the rod of .0003 in. At a load of 60000 lb. the 
diagonal cracks outside the supports had extended considerably and 
other diagonal cracks were noted between the supports and the inner 
load points. At this load the dials at the ends of the beam indi­
cated a movement of the bars of from .0007 to.002 in.Tension cracks 
were also noted at various points along the central portion of the 
beam. from 80000 to 100000 lb. load the large diagonal cracks at 
the ends of the beam opened considerably and failure occurred at 
these cracks at a load of 103500 lb.
Slipping of F.ods. — The diagrams showing the slip of the rods 
for this beam indicate that a rapid increase of slip) of the outer 
rods at the west end occurred from 60000 to 80000 lb. load while 
at the east end of the beam the outer rods slipped rapidly beyond 
80000 lb. load. An examination of the rods at gauge lines B, b 
and E, _e, located on the inner 5/8— in. rods, indicated that these 
rods had not slipped, although it was difficult to determine this 
for a certainty. The concrete along the inner portion of these 
rods was examined for indications of slipping of the rods but none 
were found. .
The stress diagrams for the longitudinal rods showed that at 
both ends of the beam the outer 3/4—in. unanchored rods did not 
receive as much stress as did the inner 5/8—in. bars. Especially 
was this true for the rods at the west end of the beam.
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Failure occurred by diagonal tension followed by bond.
Beam Ho. 37V.1 . — In this beam the 4 S/4—in. longitudinal rods 
over the supports -were threaded at their ends and continued through 
a 8 x 3 x 7/0— in. steel plate at the end of the beam. Before 
testing, washers and nuts were placed on the rods and brought to a 
firm bearing against the steel plate with a wrench. The purpose 
of the nuts was to prevent the rods from slipping. One of these 
four rods was bent down at the point of contra-flexure and the other- 
three were hooked into the concrete near the inner load point. In 
order to detect any slipping of the rods Ames dials were attached 
to the concrete at various points near the west support as indi­
cated in the photograph and drawing of the beam.
At a load of 15000 lb. a small tension crack was noted over 
the west support. At a load of 30000 lb. this crack had extended 
downward toward the bottom of the beam and a similar tension crack 
was observed near the support at the east end of the beam. Ten­
sion cracks were also noted near the central portion of the beam
at this load. Observations on the- Ames dials showed that the first 
slip of the rods occurred as the load was increased from 15000 to 
30000 lb., and at 30000 lb. the dials indicated a slip of from 
.0038 to .0052 in. At 45000 lb. load a number of diagonal cracks 
were noted at the east end of the beam. From 45000 lb. to the 
maximum load of 96600 lb. the various cracks opened and extended.
At 96600 lb. load the crack over the west support opened wide and
failure occurred here by tension in the steel. .
■ Slipping of Fods. — An examination of the diagram showing the
slip of the rods indicates that there was excessive slipping of 
the outer bars at the west end of the beam beyond a load of 60000
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15., and the stress diagrams for the longitudinal steel show that 
from this time on, the stress in the inner bars increased rapidly 
while that in the outer "bars increased slowly and at a load of 
80000 lh. began to fall off somewhat. These facts indicate 
clearly that the slipping of the outer bars brought high stresses 
into the inner bar^ causing them to be stressed beyond the yield 
point. A further examination of stress diagrams for this beam 
will disclose the fact that at gauge line j3, on the bent dorm rod, 
the steel reached its yield point sooner than it did at gauge 
line swhich was located on a rod continued straight to near the iro 
load point and hooked into the concrete in a similar manner as 
the two outer rods. It was difficult to determine whether this 
rod slipped or not but some slipping must have taken place as a 
crack was observed at the end of the bend and the concrete in the 
bend was fine and powdery. There was considerable crushing and 
splitting out of the concrete in the hooks of these straight rods 
near the inner load points and by cutting away the concrete it 
could be plainly seen that the bars had slipped considerably. The 
concrete inside the hooks was easily picked out in places with the 
end of a measuring rule showing that it had been crushed here.
Although no readings of the slip of the longitudinal rods 
were taken at the east end of the beam, a study of the stress 
diagrams indicates that the same phenomena observed at the west 
end of the beam had taken place but in a lessei* degree. Settle­
ment cracks were plainly visible at various points along the 
longitudinal rods.
Beam Ho. 577.2. - This beam was similar to its companion, no. 
577.1. At a load of 15000 lb. tension cracks were noted over the
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supports. At a. load of 30000 l"b. these cracks had extended down­
ward to the middle of the "beam and other tension cracks were 
observed near the central portion of the beam. At this load dial 
Ho.3, located on the north side of the beam between the support 
and the end load indicated a slight movement of the north long­
itudinal rod. At a load of 45000 lb. diagonal cracks were observed 
in the vicinity of the supports at both ends of the beam. The 
readings of all the Ames dials showed a movement of the longitudi­
nal rods. At a load of 60000 lb. other diagonal cracks were 
observed at both ends of the beam and vertical tension cracks
were noted near the center. At this load dials Up and Dr showed
.
that the outer rods had slipped about .01 in. The cracks previous­
ly noted had extended considerably. At 100000 lb. load the cracks 
at the ends of the bean, had opened considerably and the dial 
reading showed that considerable slipping of the bars had taken 
place between the support and the inner load point. Dial D. sit­
uated between the support and the end of the beam read less at 
this load than it did at'the previous load of 80000 lb. As the 
load was increased from 100000 lb. to 180000 lb. a marked increase 
in the slip of the outer longitudinal rods inside the support 
occurred and the tension crack over,the -west support opened rapidly 
At the maximum load of 1245001b. the crack, over the west support 
opened wide and failure occurred here by tension in the steel.
The tension crack at the east support was also quite large at the 
maximum load. The cracks which appeared at the east end of the 
boom were similar in character to those at the west end and at both 
ends of the beam nea.r the points of contra—flexure there were long 
diagonal cracks. -
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Slipping of Rods. — The slipping of the outer longitudinal 
rods was very noticeable on the south side of the beam inside the 
support. Slipping of the outer rods was also noted at the east 
end. of the beam. A careful examination of the concrete at gauge 
lines S and s, located on the interior rods at the east end of the
beam, indicated that these rods had not slipped. It was difficult 
to determine from an examination of the concrete at gauge lines 
B and r, located on the interior rods at the west end of the beam, 
whether or not the rods had slipped. It was found, however, that 
the concrete at the hooks of these interior rods near the inner 
load points could be easily broken away and it appeared to have 
been crushed, due to a movement of the rods. Practically the same
stress conditions existed in the longitudinal rods over the support 
of this beam as were described for beam Ho. 377.1. The exterior 
rods were relieved of stress, due to their slipping, and the inter­
ior rods, especially the one bent downward near the point of contra-­
flexure, received more than their share of the load. Up to a load 
of 100000 lb. there was a better distribution of stress along the 
rods than was the case in the companion beam iTo. 377.1. At 1S0000 
lb. load the north rod,which slipped the most, received considerably 
less stress than did the south rod. The readings on gauge lines 
_o and P show that the steel near the center of the beam was stresse< 
about to its yield point at a load of 120000 lb. .
Beam ITo. 578.1. — In this beam the two longitudinal rods over
the supports were continued straight to the end of the beam where 
they passed through an 8 x 3 x 7/8-in. steel plate. The ends of
these rods were threaded and provided with washers and nuts which
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were "brought to a firm "bearing against the steel plate before the
test.
At a load of 15000 lb. small tension cracks were noted near 
the supports at both ends of the beam. At a load of 30000 lb. the 
crac : near the east support was opening and extending and another 
crack was observed at the west end about 8 in. outside the support. 
At a load of 45000 lb. the south longitudinal rod at the point 
where it was bent down was pulling away from the concrete at its 
upper surface. Slipping of this rod was noted at the crack between 
gauge lines 0 and H, also between gauge lines II and I. po slipping 
was noted between gauge lines E and.G at this load. From gauge 
line E to the end of the beam, slipping of the rod was observed, 
flie crack at the east end of the beam,4 in. outside the support, 
was about l/l6 in. wide at the top of the beam. At a load of 60000 
lb. the cracks at gauge lines E and G at the west end of the beam 
wore opening but not extending very much. Slipping of the rods 
uas ra°ie nociceaole an this load. At the bends in the longitudinal 
rods, cracks about l/l6 in. in width were visible between the upper 
Surfaces of the rods and the concrete. Failure occurred at a load 
o~ 75,000 lb. by tension in the steel near the supports. Settlement 
cracks '■•ere observed at various places along the longitudinal rods.
Fnc diagram on page 126 shows that there was considerable stress in 
ohe inclined portion oi the reinforcing rods near the point of 
contra—flexure. Crushing of the concrete in the bends*of the long­
itudinal rods and under the' stirrups was not observed.
Beam Ho. 578.2. - This beam was similar to'its companion, Ho. 
.,'78.1. in testing this beam the-gauge lines on the stirrups were 
located at corresponding points on each side of the beam. Ames
39dials were fastened to the sides of the beam at the west end be­
tween the support and the point of c ontra—flexure, in order to 
determine the amount of movement of the longitudinal rods. At a 
load of 20 000 lb. vertical cracks were noted about 4 in. from the 
supports at both ends of the beam. These crocks extended downward 
past the middle of the beam. Another vertical crack 9 in. long was 
noted at this load at the west end of the beam abotit 7 in. inside 
the support, and 12 in. outside the oast support a small vertical 
crack extended downward to the level of the longitudinal rods . The 
Ames dials D_ and D0 indicated a movement of the longitudinal bars
JL w
of .0037 and .0050 in. respectively.
As load was applied beyond 20 000 lb. slipping of the bars
was more rapid and at about 27 000 lb. load dial D^ indicated a 
slip of the north rod of .01 in. At a load of 40 000 lb. the crack 
at the west siipport was quite wide and extended almost to the bot­
tom of the beam. The cracks at the east end of the beam had also 
extended considerably at this load. At a load of 60 000 lb. the 
cracks above noted had extended somewhat, those over the support, 
opening. Small tension cracks were noted at this load under the 
inner load points. Between GO 000 lb. and the maximum load of 74,—
300 lb., dial Dp on the south side of the beam indicated a slip of 
about 0.07 in. when suddenly the dial hand started to move backward, 
due to the steel passing the yield point and thus relieving the bar
of its stress. Failure occurred at a load of 74 300 lb. by tension 
in the steel.
Settlement cracks were observed under the longitudinal rods an
at the bend in the north longitudinal rod near dial D^ the rod was
observed to pull away from the concrete at its upper surface.' ITo
crushing of the concrete was noted inside this bend or under the 
stirrups.
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15. Analysis of Test Data— — Before entering upon a general 
discussion of the results obtained from the tests of these large 
beams, more detailed information concerning the stresses observed 
in the stirrups and longitudinal steel of the different beams will 
be given. As this investigation is concerned chiefly with the 
web stresses developed, the stresses observed in the stirrups of the 
'various beams will be given particular attention. It must be 
borne in mind in this discussion that the stresses observed were 
measured over gauge lengths of 4 and 6 in. Consequently, the stress 
obtained for any gauge line should be considered the average stress 
existing over the gauge length. The actual stress at any point in 
the gauged length may be considerably higher than this average. In 
the discussion which follows, the six beams tested by the writer 
will be discussed first and after these the beams tested in 1911 
will be discussed.
Bean IIo. 571.1. — In order, that the stresses observed in the 
stirrups ox this beam might be more easily compared, the stress 
diagrams for corresponding gauge lines on the two sides of the beam 
have been plotted from the same origin. It will be seen from an 
examination of these diagrams that in most cases there was marked 
similarity of action of the stirrup steel on the two sides of the 
beam. Especially does this appear to be true for those stirrups 
which received high stress, as for instance the stirrups on which 
gauge lines, and , Sg and S56, Sg and S59. were located. It 
appears then, that about the same amount of stress existed in the
sti 1 1 up steel au one two sides oi the bea.m during the progress of 
the loading.
j.ne load a c which the stirrups first received much stress was
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24 800 11., or when the unit shearing stress in the concrete was 
57 lb. per sq. in. It was at this load that cracks were first 
observed in the beam. Beyond the load of 24 8Q0 lb., the stirrups 
at the gauge lines above mentioned, received stress rapidly and at 
the maximum load of 57 100 lb. two were stressed beyond the yield 
point. The stirrups receiving the high stresses were crossed by 
diagonal cracks. At gauge lines SfT> and S^, located on a stirrup
4 in. from one which was stressed beyond the yield point, the max—?
imum stress observed was 4100 lb. per sq. in. Cracks were not notec 
across this stirrup. In all cases where there were no cracks 
crossing a stirrup, very little stress was observed in that stirrup, 
These facts indicate that the stirrups do not come into action 
until the concrete web has ruptured in tension.
In a few of the stress diagrams for the stirrups, the stresses
in the stirrup, calculated by equation (2) page 8 using for V",
2V and -V, has been plotted. It will be seen that for this beam, 
the stirrups which received high stresses were taking more than 
two—tnirds oi the shear V after once coming into action, since the 
straight portion of the diagrams is at a lesser inclination with 
the horizontal than is the calculated stress diagram. The load at 
which the observed stress equalled the calculated stress was about 
45 000 lb. In this beam, readings were not obtained on the stir­
rups near the point of contra-flexure as they were situated too far 
-.rom the sides oi the beam to be easily accessible. Readings on 
tne stirrups between the point of contra—flexure and the inner load, 
however, indicated that there was little stress in them.
The readings taken on the stirrups at the east end of the beam 
showed that the stresses in these stirrups were not quite as high
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as the stresses observed in the stirrups at the west end of the 
beam. This result may be due to the fact that in a number of cases 
the diagonal cracks observed at the east end of the beam did not 
cross the stirrups on which the gauge lines were located. At 
gauge line Sgs a stress of 22 000 lb. per sq. in. was observed at 
the maximum load. This was the greatest stress observed in the 
stirrups at this end -of the beam. A comparison of the stresses 
measured on the two gauge lines on a stirrup at one side of the 
beam shows that at the west end, where the failure crack crossed
the gauge lines, nearly as high stresses were observed over the 
one gauge length as over the other. This was not true for the 
stirrup on which gagge lines S 0 and S were located for here much 
larger stresses were observed on gauge line Sc^ , which was located 
on the lower portion of the stirrup and crossed by a diagonal crack. 
It is probable that at points along the stirrups removed a little 
distance from the crack, the stress in the stirrup is reduced, due 
to the bond of the concrete upon the stirrup. In this connection 
it might also be stated that the part of the stirrup in the com­
pression side of the beam, received less stress than the part in
the tension side.
Au this point the stress diagrams for the longitudinal steel 
will be briefly dismissed. The diagrams on page 76 show plainly how
the stresses in the rod at the south side of the beam were reduced, 
due to the slipping of the rod between a load of 36 800 and 48 800 
lb. At a load of 36 800 lb. both rods were taking practically the
same stress at corresponding gauge lines. At a load, of 48 800 lb. 
the north rod was stressed considerably higher than the south rod.
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the bond
At a load of 56 800 lb. stress over the portion of the south rod 
between the end of the beam and the middle of gauge line A, cal­
culated from the measured stress in the rod at gauge line A, was 
j. o 1 o. per sq. in. At a load of 48 800 lb. the bond stress, cal­
culated in the same manner as before, was 160 lb. per sq. in. The
bond stress u, calculated by the formula, u = — — ., at a load ofmod
56 000 lb. was 144 lb. per sq. in. When slipping occxirred the bond 
stress was probably between 150 and 160 lb. per sq. in. The stress 
diagrams for gauge lines A and a on page 75 show that beyond a load 
of 36 800 lb. the north rod was stressed to its yield point while 
the south rod was relieved of its strdss. The slipping of the 
south bar caused the large diagonal failure crack to open at the 
i.rGo o end Ox tne beam and although the north rod was stressed to 
its yield point, failure was primarily due to the slipping of the 
south bar.
O11 the bent down portion of the longitudinal rods near the 
point of contra—flexure, stresses ranging from 6100 to 16000 lb. 
per sq. in. were observed at the maximum load of 57 100 lb. The 
bond stress along the rods here was no doubt high as the stress 
• in the rods was changing rapidly.
k PAm i:.0« w/o.5. -r In this beam the diagonal failure crack at 
the west end extended across two of the stirrups upon which gauge 
lii-er were located. The measured stress was greatest at gauge line 
°1 &ud beyond a load of 40 00C lb. this stirrup received stress 
very rapidly. On the stirrups of this beam a 4-in. gauge length 
was used. Consequently the values of the stresses observed should 
be more representative of the actual stresses existing in the stir­
rups. The stresses measured on gauge lines Sg anq s3, though not
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as large as those observed on gauge line S--, , were still considerable 
in amount. The stirrup upon which gague line S-, was located . 
received stress at a more rapid rate, after it once came into action 
than is indicated by the graph showing the calculated stress in the 
stirrup. This stirrup.showed indications of local slipping near 
the crack. The stress diagram shows that some slipping may have 
taken place for at the maximum load the stress in the stirrup had 
fallen off. At gauge line S0, the stress observed was comparatively 
small. This gauge line was not crossed by a crack. At gauge line 
S2, on the upper portion of the stirrup on which two gauge lines 
were located, the stress observed was somewhat smaller than that
observed on the lower part of the stirrup where the failure crack 
crossed.
Up to a load of 60 000 lb. this beam gave indications of a 
diagonal tension failure. Beyond a load of 60 000 lb. there was 
excessive slipping of the unanchored rods and final failure occurred 
by bond. The diagrams showing the slip of the longitudinal rods 
indiceto that there was rapid slipping of the rods beyond a load of 
60 000 lb., -especially at the west end of the beam. The stress 
diagrams for this bean show that the unanchored rods were relieved 
o . i .  stress as the slipping continued. These diagrams also show that 
the anchored rods received greater stress from the beginning of the 
loading than did the unanchored rods.
■ ; . i ^°^_S77«1« - The stress diagrams for the two gauge lines 
on tne scirrup sceel at one side of this beam were plotted from the 
same origin. At the west end of the beam where the greater number 
of gauge lines was located, there were very few diagonal cracks
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observed and the stresses in the stirrups at this end of the beam 
Y/ere not large in amount. At gauge line S0, located on a stirrup 
near the outer load point, a small amount of compression was ob­
served. Compressive stress was also observed at gauge lines SQ and 
S9. located near the west support. The measured compression at 
gauge line Sg, on the lower portion of the stirrup, was 12 000 
lb. per sq. in. The greatest stress observed in any of the stirrups 
was at gauge line Sgg at the east end of the beam where a unit 
tension of 24 000 lb. per sq. in. was found. In general, the 
diagrams show that the greatest stresses were observed on those 
gauge lines which were crossed by a crack, independent of whether 
the gauge lines were located in the upper or lower part of the beam.
Over the west support, at a load of 30 000 lb., a tension 
crack was noted which extended downward past the middle of the beam. 
At failure this crack was very wide . The diagrams showing the slip 
of the longitudinal rods indicate that at a load of 30 000 lb. 
consideraDle slipping of the rods had occurred. The rapid extension 
and widening of this crack may be explained ns follows. Over the 
support the bond stress is a maximum and there is also a sudden 
change in the direction of the bond stress at this point. This is 
shown by the accompanying sketch. ■
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To the left of the support the concrete pulls to the left, and on 
the right of the support it pulls to the right as indicated by the 
small arrows. If any slip occurs the deformation in the concrete 
increases at once and causes the crack to open and extend rapidly.
Beyond a load of 30 000 lb. the slipping of the rods inside 
the support was rapid. The stress diagrams for the longitudinal 
rods show plainly how the rods which were slipping were relieved 
of stress beyond a load of 30 000 lb. These diagrams also show that 
the inner bent down rods received more stress than the inner straigh 
rods which were hooked into the concrete. This apparently indicates 
that there was some slipping of the inner straight rods.
That there was little bond between the outer rods and the 
concrete is shown by the diagrams on page 110. These diagrams indi­
cate that at different loads the stress along the rods was nearly 
constant. This means that the hooks at one end of the rods and the 
nuts and washers at the other, were taking; all of the stress coming 
upon the rods.
foam ho. 577.0. — in this beam more of the stirrups were 
brought into action than in any other one of the beams tested. The 
stirrups first received appreciable stress at a load of 50 000 lb., 
or when the shearing stress in the concrete was 73 lb. per sq. in. 
After once comihg into action, several of the stirrups received 
stress very rapidly and they were soon stressed beyond the yield 
point. At gauge lines S3 , S34, S35 . S6g, S63, and S69 the yield 
point of the steel was passed. It will be noted from the drawings 
and -photographs of the beam that at gauge lines S34 and S35) at the 
west end o ' the beam and also at gauge lines S and S63 at the east 
end of the beam, a diagonal crack crossed the stirrups near the
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middle gauge point. Hie stresses observed on the gauge lines on 
either side of the crack were about the same and were very high. A 
comparison of the stress diagrams for these gauge lines with the 
calculated stress diagrams shows that the stirrups, after coming 
into action, received stress more rapidly than is indicated by 
equation 2 page 8. At the west end of the beam near the point, of 
contra—flexure several stirrups were crossed by a diagonal crack anc 
the stress observed in these stirrups was as high as 22 000 lb. per 
sq. in. In the stirrup nearest the outer load point at the west end 
of the beam a compressive stress was observed, while the stirrup 
nexu uo unis one was stressed in tension. Similar phenomena were 
observed in the two stirrups nearest the inner load point.
In fchio beam every scirrup between the west end of the beam anc 
fcne inner load point received stress. The amount of tensile stress 
in the stirrups ranged from 12 000 lb. per sq. in. to the yield 
point of the steel. All of the stirrups at the east end of the bear; 
upon wnich measurements were taken, showed stresses of at least 
i , I d . per sq. in. and in two casds the stirrups were stressed to 
one yield point. On the whole the stirrups in this beam were very 
effective in preventing a diagonal tension failure.
n Qv <:.>'/O'. 1 . — In the stress diagrams for the stirrups of 
this beam the stresses observed at corresponding gauge lines on the 
two sides of the beam have been plotted from the same origin for 
purposes of comparison. It will he seen from these diagrams that 
the stress conditions in the two legs of the stirrup were similar.
As was the case in the other beams, only those stirrups which were
crossed by cracks received much stress. In no case was a stirrup
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stressed "beyond the yield point, "but at gauge line S59 a unit stress;
of 34 000 lb. was observed. The tension tests of the stirrup
, _ . , pointsteel for this beam showed the yield to be about 39 400 lb. per
sq. in. After once coming into action, the stirrup on which gauge
lines Sg and Sgg were located received stress at a more rapid rate
than is indicated by the calculated stress diagram.
An examination of the diagram showing the variation of stress 
along the longitudinal reinforcing rods shows that the north rod 
received less scress than did the south rod. These diagrams also 
show that beyond a load of 45 000 lb. there was lack of bond 
between the concrete and the rods, from the support to the end of 
cne beam, -he opening of the large crack over the supports of this 
beam was no doubt due to the lack of bond between the concrete and 
the rods.
I:0v - In this beam a stirrup at either end near the
support was stressed beyond the yield point. Only where crack 
weie observed did the stirrups receive high stress. ne stirrups
on which gauge line Sgg was located received stress rapidly after 
once coming into action.
ihe diagrams showing the slip of the bars indicate that con­
siderable slipping occurred beyond a load of 20 000 lb. If the 
rods had not been prevented from slipping by the nuts and washers 
at the ends of the beam, a bond failure would probably have re­
sulted without the steel being stressed very highly.
The following beams were tested in 1911 by Hr. Hargis. 
fean ho. 571.2. - This beam was similar to beam Ho. 371.1
except that the two longitudinal rods over the supports were bent
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down about 15 in', from the end of the beam and hooked into the con­
crete. The stresses measured in the stirrups of this beam were 
not high. The cracks at the end of the beam where the gauge lines 
were located, were near the support and were nearly vertical. At 
the east end of this beam there were several diagonal cracks but 
as gauge lines were not located on the stirrups at this end, the 
amount of stress in them is not known. The diagram in the lower 
part of Pig.23 on page 77 was plotted by using the maximum observed 
stresses in the stirrups. The straight portion of this diagram 
about parallels the diagram of the calculated stress in the stirrups. 
In this beam the stirrups first came into action at a load of 
50 000 lb., or when the shearing stress in the concrete was 69 lb. 
per sq. in. The failure of this beam occurred by .tension in the 
steel, the anchoring of the rods at the end of the beam preventing 
them from"slipping. From the position of cracks near the supports, 
however, it seems that some slipping of the rods occiirred.
Beam Ho. 572.1. — In this beam the stirrups first received 
appreciable stress at a load of 45 000 lb. The unit shearing stress 
in the concrete at this load was 106 lb. per sq. in. From the 
stress diagram for the stirrups it will 1}e seen that after the 
stirrups once came into action they received stress rapidly. The 
diagram in the lower part of Fig* 25 page 79 was plotted from the 
maximum stresses observed in the various stirrups. Here again, 
the highest stresses were observed in those stirrups crossed by 
diagonal cracks. At the gauge lines on the portions of the stir­
rups not crossed by a crack, the measured stresses were consider­
ably less than they were at the gauge lines where a crack was
noted. The failure of this beam was by tension in the steel over
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the supports.
Beam Ho. 572,2. — In this beam, the companion of Ho. 372.1, 
the stirrups first received appreciable stress at a load of 45 000 
lb. The shearing stress in the concrete at this load was 108 lb. 
per sq. in. Beyond a load of 45 000 lb. the stirrups crossed by 
diagonal cracks received stress rapidly, and as the load was applied 
from 80 000 to 100 000 lb. several of the stirrups were stressed 
beyond the yield point. On the stirrup 4 in., west of the west sup­
port three gauge lines were located, the gauge points of the middle 
gauge line being located at the centers of the other two gauge
lines. On the lower gauge line, which was crossed by a diagonal 
crack, a tensile stress of 23 000 lb. per sq. in. was observed. On 
the middle gauge line a tensile stress of 5000 lb. per sq. in. was 
observed. On the upper gauge line a unit compression of 2000 lb. 
per sq. in. was observed. This result indicates plainly that the 
part oi the stirrup not crossed by a crack receives but little 
stress. The stress diagram shown in the lower part of Fig. 27 
page 81 was plotted using the maximum observed stresses in the dif­
ferent scirrups. The straight portion of this diagram approximately 
parallels the curve of calculated stress in the stirrup. The 
railure of this beam was by bond and tension.
Hoan ho. 373.1. - The stirrups receiving the highest stresses 
in this beam were again those crossed by diagonal cracks. Hot any
of the stirrups at the west end of unc beam were stressed beyond
uie yield point. The diagram plo.tted from the maximum stresses 
measured in tne stirrups shows that the stirrups, after coming into
accion, took less than two thirds of the shear. The load at which
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the stirrups were first stressed appreciably was 30 000 To. The 
shearing stress in the concrete at this load was 75 Ih. per sq. in. 
The stirrups between the point of contra—flexure and the inner 
load received very little stress. The failure of this beam was 
by tension in the steel.
ea,ii To. oy.j.O. — The stirrups in this beam received stress 
rapidly beyond a load of 45 000 lb. At gauge line Q, on the stir­
rup 4 in. outside the west load point, the yield point of the 
Soeel was readied. In the first stage of the loading this stirrup 
was stressed in compression but when crossed by the diagonal crack 
it was stressed in tension. The readings on gauge line H, on the 
uppei’ paro ox this same stirrup, also indicated compression in the 
stirrup, in the first stage of the loading. At about the maximum 
load, However, tensile stress was observed on this gauge line.
The stress at gauge line F: was considerably less than the stress 
at gauge line Q. The diagram plotted from the maximum stresses in 
cne stirrups is about parallel 'the' "calculated stress d m.
foam I:o. «■74«1. _ in this bQfua .there were no stirrups. It 
was made with a view of comparing the web resistance of a beam of 
■unis size, containing no web reinforcement, with a similar beam 
reinforced with stirrups.
m e  deformations in the concrete at various gauge lines at the 
west end were measured by means of Wissler dials. Headings of these 
dials showed little deformation on a vertical gauge line between 
one point oi contra-^flexure and the inner load point* Readings on 
diagonal gauge lines indicated little deformation where no cracks 
appeared. On gauge line B, directly across a large diagonal crack, 
the deformation was large, in the loadedeformation diagram for
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this gauge line there is a sharp break at a load of 50 000 lb. At 
this load a unit deformation of .0001 in. was observed. As this
is the deformation at which concrete fails in tension it is probabl 
that the concrete was ruptured in tension at this load. The unit 
shearing stress in the concrete at this load was 72 lb. per sq. in. 
At the next load a crack was noted across gauge line B. At gauge 
line II, located between the support and the end of the beam, a 
small amount of compression was indicated. Failure of this beam 
probably occurred by diagonal tension.
roam Jo. ■a^o.l. — This beam was reinforced with a. unit frame 
similar to that in beam IJo. 375.3. WiSsler dials were used to meas­
ure deformations in the concrete.
At gauge line A, located along a vertical stirrup near the
outer load, a small amount of tension was indicated. At diagonal 
gauge line B f located just outside the support, considerable de­
formation was indicated at a load of 80 000 lb. At gunge line G, 
directly over the support, considerable compression was observed. 
Compression was also indicated on gauge lines 0 and. H, which were 
located between the point of contra-flexure and the inner load.
At gauge line E, located midway between the point of contra-flex­
ure and the support, very little deformation was indicated up to 
a load of 66 000 lb. Beyond this load the deformation increased 
rapidly. Two diagonal cracks formed across gauge line D, located 
near che support. The deformation along this gauge line was very 
laige and one stress in the stirrup, calculated from the observed
deformation, was 64 200 lb. per sq. in. From the notes of the 
test oi this beam it appears that failure occurred by diagonal
tension followed by bond.
i'can IIo, 576.1. — This beam was reinforced with a unit frame
made by the Corrugated Bar Co., of St. Louis. In this unit frame 
there was both vertical and inclined web reinforcement consisting 
of round steel wire. The stirrups first came into action at a 
load of 17 500 lb., or when the shearing stress in the concrete 
was 42 lb. per sq. in. After once coming into action, the stirrups 
crossed by cracks received stress rapidly and in some cases were 
stressed to the yield point. In order to compare the stresses 
observed in the vertical and in the inclined stirrups, the stresses 
observed on gauge lines P and J will be used. These gauge lines 
were located at approximately the same distance from the support 
ana were on a vertical and an inclined stirrup respectively.
Both gauge lines were crossed by diagonal cracks and the stirrups 
came into action at a load of 17 500 lb. Up to a load of 47 500 
i . the stresses observed on the two gauge lines were about the 
same. Beyond this load, however, the inclined stirrup was the more 
rapidly stressed and at 122 500 lb. it was stressed to the yield 
point. The vertical stirrup at this load was stressed to 56 000 
lb. per sc. in., .or to within 5000 lb. per sq. in. of the yield 
point. On gauge line D, located on an inclined stirrup near the 
injiei load, a soress of 22 000 lb. per sq. in. was observed. This 
gauge line was crossed by a crack. The stress diagrams indicate 
uiia i/ a.o one gauge line not crossed by a crack, the stresses were 
smaller than they were at the other gauge line on the same stirrup
leg, crossed -by a crack. The failure of this beam was by diagonal 
tension and bond.
■poam i:o. a/6.2. — The reinforcement in this beam was similar
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to that in Beam Bo. 376.1.
The stirrups first received appreciable stress at a load of 
45 000 lb. The inclined stirrups appeared to come into action 
sooner than did the vertical stirrups. However, after once conn­
ing into action, the vertical stirrups received stress as rapidly 
as did the inclined stirrups. A comparison of the diagrams for 
gauge lines F. and K will show this to be true. Both inclined and 
vertical stirrups in this beam were stressed to the yield point whe 
crossed by diagonal cracks. Inclined stirrups near the inner load 
point received considerable stress. The straight portion of the 
stress diagram for these stirrups is approximately parallel to the
l
calculated stress diagram.
The failure of this beam was by diagonal tension and bond, 
go an ,:o. o/b .o. — This beam was .also reinforced with a unit 
frame, the web reinforcement consisting of l/4— in. square cor­
rugated bars. Headings on vertical stirrups near the inner load 
point indicated that compressive stress existed in these stirrups .
ihe greatest stress measured in any of the stirrups was about 
2o 000 lb. per sq. in. This stress was observed at gauge lines 
-* ana L which were located on the same inclined stirrup. The 
straight portion of the stress diagrams for this stirrup is approx­
imately paiallel to tne calculated stress diagram.
It is difficult to determine the exact cause of failure of 
this beam.
Beam Bo. 576.6. - 
as was Beam Bo. 376.5. 
a load of 45 000 lb. 
lines il and M, located
• This beam was reinforced in the same manner 
The stirrups received stress rapidly after 
The greatest stresses were observed at gauge 
on inclined stirrups between the support
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and the end of the beam. The stirrup at gauge line K was stressed 
about to its yield point. Diagonal cracks appeared across gauge 
lines K and M. Comparatively small stresses were observed in the 
vertical stirrups between the support and the inner load. The 
straight portion of the stress diagrams for the stirrups at gauge 
lines K and 11 is about parallel to the calculated stress diagram.
The failure of this beam was by tension in the steel.
16. fonernl Discussion. — In the tests of these large rein­
forced concrete beams the conditions of loading were favorable for 
the development of large diagonal tension stresses in the concrete 
at either side of the supports. It will be seen from the shear 
and moment diagrams in Dig. 3 that the vertical shear V, and the 
internal bending moment M, were greatest at the support. As 
diagonal stiess is due to the combined effect of the vertical shear­
ing stress and horizontal tensile stress, it was to be expected 
that the diagonal tension in the concrete near the supports would 
be large and that diagonal cracks would appear here. One of the 
noticeable results of this series of tests is the comparatively 
small number o± diagonal tension failures. This result may be 
pax uially explained by the fact that the settlement cracks under 
uhe longitudinal rods over the supports reduced the bond between 
the concrete and the rods and caused serious slipping at low loads, 
clipping ox the rods would tend to reduce the horizontal tension 
in me  concrete and indirectly the diagonal tensile stress also.
In those beams reinforced with corrugated bars more diagonal ten­
sile stress was developed as the drawings of these beams show num­
erous diagonal cracks in the vicinity of the supports. It is true
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that even in the "beams thus reinforced slipping of the bars 
occurred, yet this slipping was not large in amount until near the 
maximum loads. It appears therefore, that in a number of the 
beams tested the manner of failure was so influenced by the slippin 
oi the rods that a fewer number of stirrups was brought into 
action than might have been expected.
iJ1- Stirrups. - The results of the tests show that
tuio s liess in one stirrups is sraa.ll until the concrete has run_
tured in tension. After fupture of the concrete occurs the stir­
rups receive stress very rapidly. The rate at which stress is 
taken by the stirrups is apparently dependent upon their position 
with reference to the cracks in the beam. The results do not 
indicate that stirrups at corresponding points in the two ends of 
the beam receive the same amount of stress, but it can hardly 
be expected dhao in a material as non—homogeneous .as reinforced 
concrete the stirrups would be equally stressed. Cracks may form 
m  a different manner at the two ends of the beam and the stress 
co-idibioiio in one longitudinal steel near the corresponding stir­
rups may he radically different. In the two legs of a stirrup at
any point in a beam, however, there seems to be marked similarity 
of action.
In Table 8 values of the vertical shearing stress at the load 
at wnicn tne stirrups first received appreciable stress and also 
the.shearing stresses developed at the maximum loads are given.
These values give information as to the effectiveness of the web 
reinforcement. If we take as the basis of comparison the vertical 
shearing stress developed by beam ITo. 374.1, which contained no
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TABLE 8 .
VALUES OF VERTICAL SHEARING STRESS.
Beam Per cent Vertical Shearing Stress
Reinforcement ____ Ip . per sq . in.____  Remarks
ITo. over supports When Stirrups At maximum
came into action Load
371.1 0.72 57 ' 131 Plain round bars
371.2 0.72 69 ^ 151 do.
372.1 1.44 106 S 260 do.
372.2 1.44 108 S 248 do.
373.1 1.44 112 1/7 282 do.
373.2 1.44 108 'S 278 do.
374.1 0.74 % 137 do. no stirrups
375.1 i • 25 85 ^ 239 Plain round rods,
high carbon steel.375.3 1.25 97 ^ 251 Plain round rods
high carbon steel.376.1 1.47 42 342 Cor. bars high carboi
steel.376.2 1.47 ^  n o 438 Cor. bars high carboi
steel.376.5 1.45 ,,3^77 334 do.
376.6 1.45 108 430 do.
377.1 1.44 V2" l» * 231 Plain round bars
377.2 1.46 73 304 do.
378.1 0.72 63 174 do.
378.2 0.73 46 173 do.
web steel, it will be noted that in almost every case the vertical
shearing stre■sr. developed in the beams which contained stirrups
was considers-bly higher than the value of 137 lb. per sq. in.
developed by ■beam II o. 374.1. The■ low values observed for some of
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the beams were clue to some extent, to the percentage of reinforce­
ment but more to the failure of the beam in bond than to any other 
cause. The values of the unit shear at which the stirrups receive 
appreciable stress range from 40 to 110 lb. per sq. in., the low 
values being generalljr found in the beams with the low percentage 
of reinforcement.
The maximum shearing stresses were developed in the beams re­
inforced with the Corrugated Bar Co.'s unit frame. As these xinit 
frames were made of high carbon steel and contained both vertical 
and inclined web reinforcement, it is to be expected that they 
would develop the full strength of the concrete and steel. The 
distribution of the web steel in this unit frame was very uniform
at any section of the beam. The longitudinal rods were corrugated
,, and the concreteand as the bond between the longitudinal fods^was an important fac­
tor in the development of high stresses, it is not strange that 
in the beams 'reinforced with these unit frames high vertical shear­
ing stresses existed. The numerous cracks found near the supports 
of the beams with this kind of reinforcement seem to indicate that 
the diagonal tensile stresses developed were large in amount and 
that the web reinforcement was very effective in preventing diagonal 
tension failures.
As previously stated, the stirrups receive appreciable stress 
when the vertical shearing stress in the concrete is from 40 to 100 
lb. per sq. in. This fact indicates.that stirrups should be used 
if the web stresses developed in a beam are likely to reach this 
value. The formulas and .7~f, give values of the stress in
the stirrups at low loads much too high. It was only when the 
stirrups reached their yield point, or neared it, that stresses as
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high as the formula gives were observed. In a number of cases 
the straight portion of the stress diagrams for the stirrups 
was approximately parallel to the calculated stress diagram, in­
dicating that after once coming into action the stirrups received 
stress at the rate indicated by the formula. The stresses ob­
served in the inclined stirrups of beam Ho. 376.6 apparently 
indicate that the formula used in calculating stresses in in­
clined web reinforcement is based on logical grounds. These stir­
. rups were stressed from the beginning of the loading process and 
their stress diagrams showed closer agreement with the calculated 
stress diagrams chan did the diagrams forvertical stirrups. As 
no ieaaings were taken on ooth vertical and inclined stirrups 
near tne same section of a beam it cannot be positively stated 
which type of stirrup is the more effective. The results obtained 
seem to show that the inclined stirrups received stress at an 
eaxlier soage oi the loading than did the vertical stirrups.
After coming into action, however, the vertical stirrups received 
stress almost as rapidly as did the inclined stirruis. This 
statement is based on comparatively few results and should be 
verified by further tests.
f
The ****** o p i n e d  show that the portion of the stirrups 
cjOooed b/ ciaoks receives the highest stress, whether it is 
located on the compression or tension side of the beam. Crushing 
was not observed under the stirrups and no evidence was found that 
the stirrups had slipped except in bean Ho. 375.3. Even in this
°enm !*°1' rauon s l W l n g  could have occurred as the stirrups were 
bent around the longitudinal rods two or three tines, it will
be noted from the data of the tests that considerable stress
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existed on the "bent down portion of the longitudinal rods near the 
point of contra—flexure. This portion of the "bar was no doubt ef­
fective in resisting diagonal tensile stress here. In only a few 
cases was much stress found in the stirrups near the point of contra 
flexure, or between this point and the inner load. A possible 
exception to this statement might be made in the case of beam ITo. 
376.2 where a considerable stress was observed in the inclined 
stirrups near the inner load.
Bond Failures. - Table 9A shows that in many of the beams tested
the failure was due to bond, or a combination of bond and tension,
or bond and diagonal tension. As previously shown the maximum
bond stress in these beans was developed over the supports. It
was also shown that a sudden change in the direction of the bond
stress occurred here. If there is any slipping of the rods, the
concrete receives a large deformation and cracks form and extend
rapidly. This causes greater stresses to be thrown on the web
reinforcement. The high stresses observed in stirrups crossed by
cracks were due, no doubt, to this cause. It is necessary, there­
fore, that the bond stresses in beams of this kind should be
carefully considered and taken care of. Bending down the rods and 
hooking them into the concrete apparently afforded ample protec­
tion against slipping. Hooking the rods into the concrete in sharp 
bends is not. as efficient a method of preventing slip of bars as 
bending them down into the concrete and hooking them at their ends. 
In the test of beams Ho. 377.1 and 377,.2, the outer bars slipped 
considerably at the sharp bends near the inner load and the con­
crete split out at this point. This splitting out of the concrete 
was no doubt due to the fact that the rods were located too near
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the surface of the beams.
17. Conclusions . — The following conclusions may "be drawn 
from the results of the tests of these seventeen beams.
(a) Stirrups in a beam do not come into a.ction until after the 
concrete web is ruptured in tension.
(b) After cracks form across stirrups they receive stress about
as rapidly as is indicated by the formulas and (3).
(c) Inclined stirrups receive stress sooner than do vertical
stirrups.
fd) At any section of a beam there is similarity of action in 
the web reinforcement throughout the section.
(e) The portion of the stirrup not crossed by a crack receives 
little stress compared with that portion where' the crack appears.
(f) Other things being equal, higher vertical shearing stresses 
are developed in beams containing both inclined and vertical web
2eiiij.orceuent, than in beams containing only vertical web reinforce­
ment .
(g) As there was considerable variation in the values of verti­
cal shearing stresses when the stirrups first came into action, and 
as in a number of cases these values were low, it is important that 
low working stresses be used in the desi ;n of such beams and that 
ample provision for web strength be made. .
(h) In continuous and over-hanging beams the bond stress devel­
oped in the rods near the supports should he fully taken care of 
or excessive slipping will occur.
Anchoring rods by bending them into the concrete in long 
easy bends is an effective means of preventing slip of the rods.
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Sharp bends are to be avoided as they are likely to cause crushing 
of the concrete within the bend and permit some movement of the 
rod.
(j) As high stresses may be developed in the vertical stir­
rups in a beam, it is necessary that they be firmly attached to, 
or looped about the horizontal rods to prevent slipping. Inclined 
stirrups should be rigidly attached to the longitudinal rods.
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OBSERVED DATA
OBSERVED DATA
Beam Bo. 371.1
load V A B C D E F G H I J
3100 7 0 0 0 0 0 0 0 0 0 0
13600 31 + 2900 +3700 +4200 +4900 +3900 +3600 +2000 + 2000 + 2100 + 600
24800 57 + 7300 +8900 +13100 +12400 +9100 +9900 +5100
£
+5100 + 2600 +3600
36800 85 +14700 +16500 + 20700 +21200 +17500 +16100 +10100 + 9200 +5900 +3200
48800 112 +15400 +19600 + 24500 +24800 +22500 +22300 +16000 +13000 + 7900 +3900
57100* 131 +10100 +23200 +19600 +23500 +20800 +22100 +17600 +12900 +8800 +4100
Load V
W
a c d e f . h i 3
3100 7 0 . 0 0 0 0 0 0 0 0 0
13600 31 +3100 + 2900 +3200 +6000 +4700 +4000 + 2200 +1300 + 1800 + 2000
24800 57 +9700 +8300 +12400 +13200 +10600 +8700 +5800 +3400 +2100 + 2000
36800 85 +16900 +16800 • +20400 +21800 +19400 +16900 +12300 + 9500 +5300 +4000
48800 112 + 38000 +32400 +32600 +31700 +29000 +24100 +20100 +14800 + 7100 +5800
57100* 131 +122200 +229000 +39800 +38400 +35800 +30600 +25000 +16600 +10000 +6100
* Maxinmm load 
+ Tension 
— Compression All gauge lengths 6 in.
138
OBSERVED DATA
Bean Ho. 371.1
ioaa Fla g I* ____ M H 0 p s3 s4 Sg S
'3100 7 0 0
13600 31 + 2100 + 1900
24800 57 + 2900 + 2900
36000 85 +3400 +3800
48800 112 +5600 +5900
57100s" 131 + 6300 + 6600
Load VFJcT k 1
3100 7 0 0
13600 31 +1200 +2300
24800 57 +1400 + 2700
36000 85 +3400 +4800
48800 112 +5800 + 6800
57100s" 131 
*Maximum Load
+ 6200 +7100
+ Tension 
— Compression
0 0 0 0
+ 2500 + 2500 +1000 + 2200
+4100 + 2700 + 2600 +3900
+4800, +4800 +4500 +3800
+5900 +66 00 + 6100 + 9100
+ 7600 + 6800 + 6900 + 7400
m n o p
0 0 0 0
+1200 +1100 +400 +1300
+ 2300 + 2200 +2400 + 2600
+4600 +5400 +3700 +4400
+5800 +6700 +6300 +6600
+ 6300 +6600 +7500 +7600
All gauge lengths 6 in.
0 0 0 0
+1000 + 2100 +3900 + 2900
+3000 +3900 +4300 +3500
+3100 +14000 + 7600 +4400
+4100 +29600 +17600 +16500 
+2600 +60600 +33600 +35700
s S54 S5G S56
0 0 0 0
-300 +3400 + 2400 -200
+1000 +3400 + 2400 +1600
+ 2200 +13800 + 7000 +3200
+3100 +23900 +13400+14500
+1700 +48700 +20300 +35000
GS
T
1 .. - .“
OBSEKVED DATA
Beam Uo. 371.1
Load VMet s 7
C*“8 c*°9 q 12 q°13 C*“20 S80 S82 S86 S91
3100 7 0 0 0 0 0 0 0 0 0 0
13600 31 +4300 +2600 -1000 +4900 +4400 -600 +100 -1000 + 200 + 200
24800 57 +4300 +5400 -1000 +5400 +5100 +400 +400 + 700 + 2100 -200
36800 85 + 9000 +5900 -800 +8200 +5000 +1800 0 +5800 +4000 +10C
48800 112 +32700 +5300 +4100 +10900 +5700 + 300 +2800 +14100 +3500 +1500
57100* 131 +97800 +5400 + 9100 + 9500 +5700 -300 +4900 +12700 +6800 +3800
Load VFJd S57 S58
Q°59 S62 S63 S70 S81 S83 S87 S93
3100 7
13600 31 —1800 + 900 +500 +4100 -600 +500 + 700 -3000 +4900 +1000
24800 57 -2200 +3600 -1300 +4700 + 200 +3700 0 +3900 + 700 +1600
36800 85 +3200 +3900 -600 +8200 +200 + 7600 +3400 + 1800 +5400 +4900
48800 112 +28600 +4300
>
+1200 +9800 +1800 + 7600 +5500 + 3000 + 7800 +11800
57100* 131 +74700 
*Maximum Load 
+ Tension 
— Compression
+4700 +12700 +12900 
All gauge leng'
+5300 
fchs 6 in
+5100
•
+4700 + 7600 +4000 +21300
H !
o
OBSERVED DATA
Bean Do. 375.3
Load VFJcT A ci B h C o D d E e
3200 8 0 0 0 0 0 0 0 0 0 0
20000 48 +3600 +6800 +9600 +9600 +1600 +2600 + 6100 +6100 + 7000 +8100
40000 97 + 11500 +14600 +17300 +19300 +4500 +7600 +14300 +13400 +17100 +15600
60000 145 +19400 +22600 +28200 +28200 +9700 +13100 + 21500 +22300 + 24700 +23600
80000 194 +26400 +28900 +36900 +38600 +15500 +16800 +27500 +29100 +34300 +34200
100000 242 +22900 +26700 +61500 +58900 +25300 +21100 +34300 +34900 +49500 +49000
Load VTTjff - o °0 S1 2 S3 D2 D4
r 3200 8 0 0 0: 0 .0000 .0000 .0000 .0000
20000 48 +1000 + 200 +700 + 200 .0000 .0002 .0000 .0000
40000 ' 97 —200 -500 0 -300 .0000 .0003 .0000 .0000
60000 145 +100 +22300 + 6900 +10000 .0009 .0007 .0007 .0020
800000 194 +2300 +48000 +13400 +21500 .0457 .0438 .0043 .0102
100000 242 + 6000 +36400 +22700 + 27500 .1437 .1395 .0465 .0484
103500 251 Maximr: Load Gauge Lengths Sq , S-, , Sg and Sg 4 in., l_I+ Tension— Compression all others 6 inches. H
OBSERVED DATA
Beam Do. 377.1
Load VJ J 1 . A S C D E ? G H I J
3200 8 0 0 0 0 0 0 . 0 0 0 0#
15000 36 + 2600 + 2000 +2100 + 2500 +1600 + 2600 +1400 + 2300 +1700 +1200
3O0OO 72 +4400 *4-4800 +4800 +4600 +4200 +5600 +4100 + 3700 +2900 + 2600
45000 108 +8200 + 7600 + 7900 + 7800 -f 6300 +9700 +6700 + 7900 +7400 +5500
60000 143 +12600 +13500 +13000 +13200 +10800 +13400 +12600 +12400 +11700 +11100
80000 191 +16600 + 16200 +14700 +15500 +12200 +16200 +15700 + 15000 +15300 +13800
96600* 231 +17100 + 14700 +13200 +14200 +7700 +14400 +13400 +11900 +14200 +13100
Load VF M a b c d e ■ f g h i
3200 8 0 0 0 0 0 0 0 0 0 0
15000 36 +3200 + 2600 + 1700 +1700 +1100 +2800 +700 +2200 +100 -100
30000 72 + 8300 +5700 +4500 +6400 +5000 + 6700 + 3600 +5400 +4500 +2400
45000 108 +10300 +8300 + 7900 +7400 +9100 +9100 +6700 + 7600 + 7800 +5800
60000 143 +12700 +10300 +11700 +9700 +13000 +13500 +9600 +11400 +12600 + 8200
80000 191 +16500 +12300 +13400 +11600 +14200 +16100 +11400 +12800 +13500 +10200
96600* 231 +17200 +11000 +10100 + 7700 +9800 +13800 +6600 + 9100 +11500 +5100
* Maximum Load All gauge1 Lengths 6 in. + Tension — Compression to
OBSERVED 
Beam ITo.
DATA
377.1
load Vb.i'd K L
f.TIVi II 0 P Q E S S0
3200 8 0 0 0 0 0 0 0 0 0 0
15000 36 -700 + 1800 -1500 +1100 +5000 +5600 + 2700 +2400 +3100 +1300
30000 72 +500 + 2100 -100 + 2700 +12500 +13100 +8000 +8400 +11800 + 1500
45000 108 +3600 +3800 + 2100 +3400 +17700 +17900 +11700 +14500 +17900 +1100
60000 143 +900 + 9800 +6600 +8200 +23500 +24000 +15900 +19300 +26900 0
80000 191 +12700 +12200 +11800 +8900 +31300 +32200 +21200 +26400 +42600 -1100
96600* 231 +11300 +10500 +12100 +8500 +35800 +34900 +22000 +31100 — -1500
load bjd k 1 m n 0 P G r s %
3200 8 0 0 0 0 0 0 0 0 0 0
15000 36 -2400 -300 +1400 + 1000 + 3700 + 2800 +3800 +3700 + 2700 -800
30000 72 -800 +1100 + 2400 + 1700 +10700 +■9800 + 7600 +8400 +8300 -600
45000 108 + 1900 + 3600 +4700 +5500 +13800 +14100 +13600 +13700 +19400 -2100
60000 143 +5300 + 7300 +7900 +7100 +20000 + 20700 + 18000 +21800 +23600 -2300
80000 191 + 7800 +10600 +12000 + 8400 + 24700 +26400 +21700 +31700 +34800 -3900
96600* 231 +3300 +18100 +1100 -7900 +29600 +31400 +23700 +40700 +51100 -4900
H
03* Maximum Load All gauge lengths 6 in.
OBSERVED DATA 
Beam Ho. 377.1
Load V.l la S8 COH
CO
S32 S38 S40 S42 S.. 44 S60 S62 Sr , 64
.3200 8 0 0 0 0 0 0 0 0 0 0
15000 36 —400 -2300 +2500 +400 +700 +1800 +400 -200 +1500 +400
30000 72 -200 -6000 +2400 + 1500 -200 +1700 -1700 -800 -1100 +500
45000 108 -500 -4900 +1500 -900 +3200 + 2400 +700 -1700 + 2400 -100
60000 143 +400 -3200 +1400 -900 0 +3200 -900 +2900. +10400 +1800
80000 191 -500 -5100 +3400 +800 +2400 +4500 + 1600 +4000 +12800 + 900
96600* 231 -1200 + 600 +3700 +400 +6400 +6500 +1800 +5700 +18000 +3300
Load Vtfjd S09 S. 19. S33 °39 s41 S43 S61 S63 °65
3200 8 0 0 0 0 0 0 0 0 0 0
15000 36 -2700 +1800 +1400 +3900 0 +1300 -1100 +600 + 200 -1000
30000 72 -4500 -300 +3000 +2900 +2000 +1000 +1700 -1300 -400 -1800
45000 108 -5900 +4100 + 2900 +3600 +3100 +1700 +1400 -300 +1900 +1200
60000 143 -6800 +3000 +3700 +4200 +3800 +1800 +2900 + 100 + 2300 +4400
80000 191 -9200 +1200 + 2800 + 7400 +4200 +3200 + 2300 +1400 +5200 +9000
96600* 231 -12000 +5200 +4100 +10500 +19800 +4300 +3200 + 2400 + 9800 +12400
*
+
Maximum Load
Tension
Compression
H
OBSERVED DATA 
Bearn Ho. 377.1
load VFJeT S66 s,„67 S68 S69 S70 S71 D.4
3200 8 0 0 0 0 0 0 .0000 .0000 .0000 .0000
15000 36 -3200 -300 +400 -1700 -500 -600 .0000 .0000 .0000 .0000
30000 72 -2200 +100 +400 -600 -600 -800 .0052 .0044 .0038 .0068
45000 108 -800 +4700 +4000 -200 +1500 -1800 .0175 .0108 .0093 .0220
60000 143 +1200 +11400 +9800 0 +2500 + 700 .0393 .0194 .0158 .0450
80000 191 +1800 +18700 +19200 +4000 +7000 +100 .0880 .0324 .0348 .0955
96600* 231 +3600 +20400 +23900 + 5700 +11000 -1400 O .0425 .0614 ___C
* Maximum Load All gauge lengths 6 in.
O Beyond range of instrument Bars slipped toward support
145
OBSERVED LATA
TT*--
Beam Ho. 377.2
Load vbjd A B C ' L ~r\Hj F G H I J
3200 8 0 0 0 0 0 0 0 0 0 0
15000 37 +3100 + 2000 + 2400 +3200 +2900 +3800 +3400 -^ 400 -400 +1100
30000 73 +3700 +2500 +5300 +6900 + 7900 +9300 + 7800 + 3600 + 6400 + 3700
45000 110 +3500 +3400 + 6400 +9800 +12800 +13800 +11400 +8200 +7500 + 7300
60000 146 +5900 +6800 +9400 +14800 +16400 +18900 +17000 +12700 +13200 +12600
80000 195 +13900 +13300 . +16100 +20700 + 20900 + 24400 +20200 +17000 +17300 +15900
100000 244 +16700 +16100 +18900 + 25500 +27200 +  28800 +26500 +23600 +22100 +  21500
120000 293 +22000 +  21200 +  25700 +33000. +34500 +36400 +29600 +32900 +31100
Load b jd a b c d e f pro h i 3
3200 8 0 0 0 0 0 0 0 0 0 0
15000 37 + 2400 ■ 0 -500 0 +800 +2100 +3600 + 700 -800 -1700
30000 73 +4000 + 1400 +1600 + 2500 +4600 +4100 +8000 +3900 + 2100 +900
45000 110 + 7000 +3400 +4200 +5300 +8100 +8100 +10700 +5400 +3700 +4400
60000 146 +8100 +6200 + 6400 +8300 +11600 +  1100 +13900 +  8400 +  6700 +8300
80000 195 +14600 +13500 +13800 +15000 +17500 +15700 +20600 +14300 +12900 +12800
100000 244 ■ +19400 +18800 +19200 +18300 +22600 +20300 +  24400 +17000 +15600 +20100
120000 293 +20900 +19600 +21100 +20000 +26400 +  22400 +27700 +19300 + 20500 +19700 H  !
cr>124500 304 Llaximum Load + Tension — Compression
OBSERVED DATA 
Beam llo. 377.2
Load V K L M N 0 P Q R S So
3200 8 0 0 0 0 0 0 0 0 0 0
15000 37 -100 -1000 -300 + 700 + 2300 + 2000 +4400 +6400 +4600 +1400
30000 73 +900 -1400 -1800 -1000 +8500 + 7500 +9600 +12600 +10700 +2100
45000 110 +3100 -1100 +100 -1800 +16300 +14600 +13700 +17800 +16700 + 1600
60000 146 +7500 +3100 +1000 —3500 +22100 +20800 +17200 +25700 +22800 +3500
80000 195 +10100 +7600 +5600 -2300 +31400 ■1-31300 +22000 +35100 +31600 + 6700
100000 244 +17900 +15600 +14300 +5000 +39100 +40200 +27800 +48400 +37200 +10200
120000 293 +26700 +27700 + 28700 +16300 +4700 +46100 +30800 +150400 +60600 +14600
Load ~~Yh jd k 1 m n 0 P Q. r S S1
3200 8 0 0 0 0 . 0 0 0 0 0 0
15000 37 +400 + 2300 -1900 -2200 + 2100 +700 +2200 +4600 +4600 +1100
30000 73 +1300 +1800 -1500 -2100 +9100 +800 +6900 +8700 +12200 +1100
45000 110 +5000 +5100 -300 -800 +15900 +13600 +11700 +15600 +18600 +1200
60000 146 +8600 + 9200 +4800 + 2200 +20500 +19800 +17300 +23800 +26300 + 600
80000 195 +12600 +15000 +10800 +8200 +28800 +33300 + 24300 +30900 +35800 +1600
100000 244 +17100 +18800 +15400 +16100 +38900 +39500 +30400 +58200 +48200 + 1600
120000 293 +20200 +23000 +21800 +26900 +46600 +44800 +34900 +57100 +251000 + 3600 h
124500 304 Maximum Load All gauge lengths 6 in.
147
OBSERVED DATA 
Bear. IIo. 577.2
load
. 1—  
bjd S2 S4 S8 S10 s„„ 12 S14 S16 xj
y
H CO S20 S30
3200 8 0 0 0 0 0 0 0 0 0 0
15000 37 -3900 +2800 + 2200 + 2900 + 2900 + 2000 +2000 +4000 + 2800 -2700
30000 73 -3000 + 2400 +3100 +3700 +3200 +1400 +1300 +3200 +800 -4400
45000 110 -3700 +1600 + 7600 +6000 +4300 +3600 +3600 +7400 +800 -5600
60000 146 + 2100 +1300 +12600 + 7200 +5000 +5000 +3100 + 7800 0 -5900
80000 195 +29000 +3900 +17900 +10300 +8100 +9800 + 7500 +9300 +500 -5700
100000 244 +50600 +4300 +23100 +12700 +10000 +11000 +10600 + 9800 -1200 -4600
120000 293 +80500 +9300 +23900 +12500 +12800 +13300 +14800 +11400 -1800 -5900
load V S3 S5 S9 Q°11 S13 Q°15 S17 S19 qb21 S31
3200 8 0 0 0 0 0 0 0 0 0 0
15000 37 +2100 + 2200 +1400 + 2100 + 2100 +1600 +2400 + 2300 + 2400 +500
30000 73 +1900 +2300 + 1500 + 1600 +1300 + 2300 +1000 +1 00 +1700 -2100
45000 110 +1300 + 600 +6700 +1700 +1000 +2900 +1900 +1800 + 2900 -2500
60000 146 + 2400 +1100 + 9700 +1000 +1200 +2500 +800 +3000 +3100 -2500
80000 195 +14900 +18300 +13400 + 2700 +6100 + 7300 +2400 +3600 +5000 0
100000 244 +21400 +26500 +16200 +2800 +6000 + 7400 +3300 +3400 +4100 0
120000 293 +23900 +30000 +15600 +5800 + 7900 +8700 +4500 + 1800 4*4300 -2900
124500 Maximum Load All gauge lengths 6 in.
148
OBSERVED DATA 
Beam Ho. 377.2
Load VTOT S32
Q34 a“36 S38 q°40 q“42 ^44 q“46 S48 C*“50
320Q 8 0 0 0 0 0 0 0 0 0 0
15000 37 +3900 -600 -400 -200 +100 + 1600 +400 +1200 + 700 -700
30000 73 +3900 -200 +1300 -400 + 600 -300 + 2500 +3100 +1200 -500
45000 110 +5100 + 1200 + 200 +100 +6100 +1100 +4800 + 6200 +3500 +100
60000 146 +8200 +3700 +1900 +700 + 9700 +2700. +9000 +7800 + 9100 +200
80000 195 + 16500 +16900 +3400 +1600 +12500 +3800 +13200 +11000 +10500 +5500
100000 244 +23800 +33000 +6800 + 3000 +15500 +6700 +18600 +15500 + 9700 + 9800
120000 293 +29700 +58500 +2800 +1800 +14000 + 7700 +21700 +19600 +12300 +16200
Load V"OT S53 S35 S37 s39 S41 343 S45
QU47 S49 S51
3200 8 0 0 0 0 0 0 0 0 0 0
15000 37 -100 + 3100 -200 +300 + 700 +800 +700 -700 +800 +1600
30000 73 -400 +3000 + 2600 + 800 +800 +1100 +600 -1000 +1700 + 2000
45000 110 + 200 +3500 +5200 +3400 +2400 + 1300 +1200 +500 +3400 + 3000
60000 146 + 1000 +5700 + 7300 + 9800 _ + 6000 +5200 + 2800 +6700 + 6600 +4100
80000 195 +3500 + 28400 + 9500 +14900 +8200 +13400 +3900 +10300 + 7500 + 6100
100000 . 244 + 6-200 +41500 +11400 + 21200 +11500 +17800 + 7200 +13400 + 9300 + 9300
120000
124500
293
304
+7600 +51900 
Maximum Load
+11500 +22000 +12200 +20400 +10000 +15900 +10500 +13300
............
OBSERVED DATA
Beam Ho. 377.2
Load QoO S62 Sr- A64 S- -  66 3 68 <370 h Ds D3 D43200 8 0 0 0 0 0 0 .0000 .000 0 .0000 • OOOo
15000 37 +1400 + 200 + 900 +3100 + 2800 +200 .0000 .0000 .0000 .0000
30000 73 +4300 +5800 -200 +9900 +3200 + 1900 .0000 .0000 .0003 .0000
45000 110 +6200 +5900 + 100 + 6400 +9600 +5200 .0049 .0042 .0019 .0003
60000 146 +8200 +14500 +100 +6800 +17800 +6200 .0126 .0053 .0078 .0023.0130 .0053 .0078 .003i.
80000 195 +12500 +-27 7 00 +900 +6400 + 28100 +7800 :8 ii8 :811 * .0075.0074
100000 244 +16000 +44900 +1500 + 7400 +35700 +11500 .0464 .0254 _ ... _ .0060•0478 .0263 .0055120000 293 +18200 +75500 +1800 + 7300 ■f45400 +18600 .1297 .1074° -------- .0000
Load VT5jcT S61 S63 S65 S67 S69 S71 D53200 8 0 0 0 0 0 0 .0000
15000 37 +1900 -100 + 2200 -1100 -1800 +200 .0000
30000 73 +1600 -600 +1300 -2200 -1700 +800 .0000
45000 110 +2000 + 700 -1100 -1000 + 1800 +2200 .0027
60000 146 +2900 +12300 +1200 + 1200 +8400 +3700 .0084 • 0086
80000
100000
195 +3300 +23000 +5400 +4900 +17100 +4800 .0185.0205244 +4100 +36300 + 9800 + 6900 +21900 +7800 .0328
120000
124500
293
304
+4800 +62500 
Maximum load' +13400 +7300 +29900 All gauge lengths 6 in.
• |_j
+15800 *Dial fell off .0750® g  ' 
°PlunJ:er stuck*Bars slipped toward support;
OBSERVED DATA 
Beam Ho. 378.1
Load Vhjd A B c D E 3? G H I J
3100 7 0 0 0 0 0 0 0 0 0 0
15000 35 +1100 + 1600 -2200 +3800 +5000 + 6200 +6600 +5300 +3700 +3200
30000 70 +5100 + 6000 +3900 +12700 +17800 +16500 +8600 +16100 +15800 + 9100
45000 104 +14200 +14900 +14700 + 20300 + 28600 +27000 +27300 +24800 +23200 +16400
60000 139 + 23700 + 23900 + 24200 +31500 +39600 +34500 +36700 +34700 +32800 +21800
75000* 174 0 O +34100 O + 226400 +48000 c O +52800 +31800
Load 7DlcT a b c d e f 8 h i d
3100 7 0 0 0 0 ------ 0 0 0 0 0
15000 35 +2500 -100 +500 +400 0 -1700 + 2500 + 2200 +1600 + 200
30000 70 +5300 +5500 + 7400 +5100 +12600 +8800 +13300 +14700 +10900 + 9400
45000 104 +18100 +17100 +21200 +20100 +30200 +21100 +24300 +24100 +20800 +13800
60000 139 +25900 +26400 +30000 + 28800 +38500 +30200 +34400 +32900 +28600 + 21600
75000* 174 O O +37400 O +232100 +105600 C O +101000 +34300
* Maximum Load 
+ Tension 
— Compression
° No readings taken at this load
151
f
OBSERVED DATA 
Beam Bo. 378.1
Load Vt>T& L M B 0 p Q R S S6
3100 7 0 0 0 0 0 0 0 0 0 0
15000 35 + 1100 +1300 +1600 + 2000 -3100 +1000 + 2000 +1300 +6900 -1600
30000 70 + 7700 +3100 +3600 + 2900 -1800 +4500 +5600 + 2400 +18900 +4100
45000 104 +13700 + 6100 +5100 + 5000 +900 +4900 +6900 + 6300 +28000 +10400
60000 139 +22100 +12900 +10100 +6900 +4500 +8500 +10300 +8100 +39200 +15000
75000* 174 +30800 + 20700 o o o O O +11700 o +15900
Load Vhjd 1 . m n 0 P q r s S36
3100 7 0 0 0 0 0 0 0 0 0 0
15000 35 +1200 +1200 -2900 +1400 +2000 +1300 +100 +1500 +3600 -14900
30000 70 +8600 +3300 -2000 +2400 +3900 +2400 + 2000 +5300 +15300 -2800
45000 104 +17000 +9800 +2300 + 6200 + 7700 + 7000 + 6000 +6700 + 23100 -1000
60000 139 +25800 +17500 + 7100 +10500 +10200 +10000 + 9800 +10800 +32500 +1500
75000* 174 +33400 +27500
* Maximum Load 
° Bo readings taken at this 
+ Tension 
— Compression
O
load
0 O 0 o +14900 +305900 + 2200
OBSERVED DATA 
Bean Ho. 378.1
load V S8 S9 SlO S11 S12 s13 S22 S50 S66
3100 7 0 0 0 0 0 0 0 0 0
15000 35 -1800 -1000 -2100 -1800 -1500 -1200 -2900 0 +800
30000 70 -800 +1000 -1500 -2800 +3500 +3600 -3100 + 700 +4000
45000 104 + 900 +12200 -2200 -3900 +4900 +6400 -5600 +1600 +9900
60000 139 +5800 + 20000 -1300 -3700 +8100 +9300 -4700 + 1300 + 9900
75000* 174 +17200 +31400 O O +16100 +14100 -7400 + 7000 +15900
load V-JUL S38 s39 S40 S41 S4B s43 S51 Cj67
3100 7 0 0 0 0 0 0 0 0
15000 35 -2200 -4100 -700 -3600 -1000 +400 +900 +8100
30000 70 +800 -4000 -2600 -6300 +1500 +6400 +1400 +4400
45000 104 +3200 +400 -1300 -5200 +6600 +11600 + 2000 + 7100
60000 139 +8500 +17700 -5400 -6600 +10800 +14500 + 3500 +5700
75000* 174
r
+24800 +36100 O O +17800 +17700 +4400 +11100
* Maximum load 
+ Tension 
— Compression
° Do readings taken at this load 153
OBSERVED DATA
Beam Ho. 378.2
Load V A B C D E S0 S3 S6 S8
3100 7 0 0 0 0 0 0 0 0 0 0
20000 46 + 2600 + 9600 + 7400 + 2400 + 1300 +10400 0 +4700 +3600 + 3900
40000 93 +17800 +22700 +18500 +10500 +3900 +21700 0 + 2700 +3400 +3900
60000 139 +32000 +3400 +30900 +20100 +8300 +31500 -500 +5800 +2400 +3400
74300* 173 +99100 4*38800 +25900 +11500 +164900 -1800 +5400 +5100 +4000
load V
W
a t> c d e f S30 S33 S36 S38
3100 7 0 0 0 0 0 0 0 0 0 0
20000 46 +5800 +10200 +10300 +5300 -1400 +13500 +500 +2200 +5600 +4400
40000 93 +17600 +23500 +22500 +11800 + 2900 +25200 -1800 + 2400 + 6400 + 1700
60000 139 +29800 +38000 +35800 + 21500 +6800 +39300 -4800 + 6100 +14100 + 7300
74300* 173 +38500 — +55300 +32400 +10400 —4400 +3600 +113200 +3500
* Maximum load 
+ Tension 
- Compression 154
OBSERVED DATA
Beam Ho. 378 .2
load V
■ S9 S12 S13 S40 S45 °66 S68 D°1 K2
3100 7 0 0 0 0 0 0 0 .0000 .0000
20000 46 +3300 —600 +900 +3900 -3900 +600 +5200 .0037 .0050
40000 93 +4400 -1900 -700 +1700 -6000 +12100 +4600 .0207 .0243
60000 139 +3900 -2400 -1500 +6600 -12900 +26600 +6600 .0422 .0570
74300* 173 +2900 -3000 -3500 +5400 -6000 +49200 + 9800 .0666 .0470
Load VJ Z S L _ 39 S14 S43 S. . 44 63 S67
3100 7
+£0000 46 +3700 +300 +100 + 2200 +500 +3400
+40000 93 + 2400 -1000 -2200 + 900 +1400 +10100
+60000 139 +5700 -500 -700 +1400 +1900 +29400
+74300* 173 +4100 -1300 + 2600 +3000 +5800 +27000
*
+
Maximum load
Tension
Compression
° Bars slipped toward support.
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